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SUMMARY 


This  report  presents  the  results  of  a  design  tradeoff  study 
conducted  to  determine  the  operational  cost  impact  of  extend¬ 
ing  the  overhaul  life  of  the  drive  train  components  from  1200 
hours  to  3000  and  6000  hours  on  future  Army  helicopters. 

Pertinent  Army  and  BMC  publications  were  reviewed  to  determine 
Time  Between  Overhauls  (TB0)  limiting  factors. 

An  analytical  review  was  also  made  of  a  mission  profile  study 
conducted  on  monitored  AH-lG,  Ull-ll!,  and  UH-lC  helicopters  in 
Viet  Nam  to  determine  an  appropriate  usage  rate,  power  spec¬ 
trum,  and  flight  length  spectrum  for  this  study.  From  this 
review,  a  cubic  mean  power  requirement  of  65%  takeoff  power 
was  established,  and  a  vehicle  utilization  rate  of  50  hours 
per  month  was  justified. 

The  design  tradeoff  study  was  inmlemented  through  the  design, 

1  ,  and  analysis  of  three  power  level  transmissions  each 

ai  ee  TBO  levels.  The  t ransmiss ions  featured  twin-engine 
direct-drive  configurations  of  two  500-hp,  two  1500-hp,  and 
two  4800-hp  power  level  engines.  Each  transmission  was  ini¬ 
tially  designed  for  a  1200-hour  TBO  and  was  then  modified  as 
required  to  attain  a  3000-hour  TBO  and  again  for  a  6000-hour 
TBO. 

The  relative  effective  costs  of  the  three  transmissions  as 
affected  by  TBO  requirements  were  found  to  be: 
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This  report  presents  the  results  of  a  design  tradeoff  study  conducted 
to  determine  the  operational  cost  Impact  of  extending  the  overhaul  life 
of  the  drive  train  components  from  1200  hours  to  3000  and  6000  hours  on 
future  Artsy  helicopters. 

Pertinent  Army  .  d  BMC  publications  were  reviewed  to  determine  Time 
Between  Overhaul/  (TBO)  1 'siting  factors. 

An  analytical  review  was  also  made  of  a  mission  profile  study  conducted 
on  monitored  AH-lG,  UK  ■111,  and  UH-IC  helicopters  in  Viet  Nam  to  deter- 
mi  e  an  appropriate  usage  rate,  power  spectrum,  and  flight  length  spec¬ 
trum  for  this  study.  Prom  this  review,  a  cubic  mean  power  requirement 
or  (>i\  takeoff  power  was  established,  and  a  vehicle  utilisation  rate  of 
30  hours  per  month  was  Justified. 

The  design  tradeoff  study  was  implemented  through  the  design,  layout, 
and  analysis  of  three  power  level  transmissions  each  at  three  TBO  leveli 
The  transmissions  featur* 1  twin-engine  direct-drive  configurations  of 
two  300-hp,  two  1300-hp,  and  two  4800-hp  power  level  engines.  Each 
transmission  was  initially  designed  for  a  1200-hour  TBO  and  was  then 
«K>dlfied  as  required  to  attain  a  3000-hour  TBO  and  again  for  a  6000- 
hour  TBO. 
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FOREWORD 


This  report  presents  the  results  of  a  tradeoff  study  conducted 
by  Bell  Helicopter  Company  (BHC)  for  the  Eustis  Directorate, 

U.  S.  Army  Air  Mobility  Research  and  Development  Laboratory 
(USAAMRDL)  during  the  period  1  July  1970  to  16  April  1971. 

Study  results  were  attained  through  the  design  and  analysis  of 
nine  transmissions  -  three  power  levels  and  three  TBO  levels  at 
eacn  power.  Design  tradeoffs  in  weight,  efficiency,  and  cost 
were  determined  and  equated  to  vehicle  performance  in  the  form 
of  cost  per  operational  hour. 

The  program  was  performed  under  USAAMRDL  Contract  DAAJ02-70-C- 
0053. 

USAAMRDL  technical  direction  was  provided  by  Mr.  Wayne  A. 
Hudgins  and  Mr.  James  Gomez.  Principal  investigators  were 
Messrs.  R.  D.  Walker  and  C.  W.  Bowen.  Acknowledgement  for 
technical  contributions  is  due  Messrs.  D.  Bowers,  D.  Cleveland, 
H.  Dover,  H.  Selden ,  C.  N.  Warren,  and  J.  Young,  all  of  the 
BHC  Transmission  Design  Group. 
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soo  111*.  3000  all.!  WOO  ThO .  1‘jO 

XXVI 1 1  Inpul  Spiral  Bevel  «-ars.  ruin  1^00  HI’, 

1:00,  3000  all.!  WOO  THO  . .  1  'j.* 

XXIX  Tail  Rotor  drive  Spiral  Bevel  dear.  Twin 

1‘jOO  lit*,  l  .*00,  JOOO.  an.!  *000  THO .  I  *>«* 

XXX  Engine  deartio*  Spiral  Hevel  (leafs.  Twin 

i.«00  10*.  1:00,  3000 ,  all.!  6000  THO .  1 *ji> 

XXX!  Input  spiral  Hevel  dears,  *«»00  HI',  1:00, 

3000,  and  '000  THO . I  ‘j» 

XXXII  Tail  Rotor  drive  Spiral  Hevel  (.ears,  UHOO 

HI*.  I  .*00.  3000.  and  (-000  THO .  1 W 
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i  ?>  rum*;  on  on 

Itrl  ii  ttjilel  (m»wc  r  train  i  component  a  III  today  6  ailll  aiy  llivcli- 

lory  were  fO|‘  f  l*«  HcIVeelt  Over!  all  (  THO)  level#  of 

a  ppl 0  o  ima  l  c  1  y  l  00  ho  u  r  o  ,  bill  Odell  ekblbll  He  all  f  like  be  lueeli 

Ile0^v#l  a  l  MfHK )  of  *0’.  10  ‘10".  of  tbie  fllU  objci  l  |vc  flie  lo* 

I'fdvail  o|<elal  ioiial  c  apabl  1  1 le  s  of  lle»e  liel  ji  o|il  cl  a  over 
prior  *c»dclo  lli  Hoc  Were  ill  !*arl  l«t’le«elilei!  It  rough  li  e  hoc 
of  low  weight  c  om|>oneJit  s  Jn  #<  hievltt^  Ici'.uicd  we  ig!  I  o  ,  i( 
won  1  d  ajijteal  t  at  t  lie  ilctiflier#  have  »  l  ooeii  I  igh  o|#cralihg 
olrcoo  limits  aln!  liavc  sc  lei  I  c!  1  ow  -d  die  I  t  y  Out  IcrUio  wl  i «  h 
arc  iojiatrllif  I  rahottl  oo  l  Oil  durability  alld  reliability  to  tic 
col  chi  Of  increasing  the  *.a  ilit  el.alu e  buidch, 

ft  c  (Jljooc  of  l  Ii  1  o  rcJKirt  lo  lo  present  l  lie  results  of  a 
traileoff  ot  njy  to  evaluate  l  lie  Ope  r  a  l  1  OH  a  l  coot  of  ill  reusing 
Iclicojitcr  l  rahomi  oo  loli  syole*  fl*0  level#  Into  the  JO  X)  -  lo 
<000  -  I  our  range  Tbio  evaluation  Wao  at  C  ampl  i  olid!  through  i!c  - 
t  c  r»  iliatloii  of  lie  overhaul  life  effect  Oh  coot,  availability 
alic!  performance  for  U  ree  dl  otinct  oitee  of  helicopter  (lower 
t  r  all  ot»l  o  o  I  olio  featuring  t V ih -ehg ine  ln|>uto  of  total  iliolallei! 

I  or  o  e  (.owe  r  value#  Of  1000,  J0C0  .  and  Of  00. 

fbc  basic  parameters  Influencing  deoiy  for  increaoed  THO 
levels  were  identified  for  these  syoles#  fro*  Hilt!  altd  Ar»y  co¬ 
iner  i  elite  with  analysis  of  failure  modeo  of  existing  l  ratio* 

» 1  o  o  i  on  o  .  Conventional  design  stress-life  re  1  a  l  i  onob  1  (is  aim 
t  liooe  d  “Solio  t  r  a  l  ed  *«y  field  ojiel'a!  Ion  results  were  correlated, 
and  suitable  design  t  ec  hit  ic)  ue  <  ,  material  spec  i  S  ic  al  ions  ,  and 
stress  allowables  were  deterts  liecj  for  use  ii  this  study,  tail' 
of  l!  esc  II  lee  lor  sejiower  level  systems  wao  tlcli  designed  wit! 
Objective  TftO  levels  of  1 ’00 ,  J000 ,  and  b0 OO  lours.  For  pur- 
(Oacs  of  comparative  cost  alialysia,  the  assumption  Was  made 
flat  tlcse  oyol  rt«  arc  Ope  rat  ed  lli  tic  Kl*li  (I  ratel1  ,  T"l  i  o  a  s  - 
sutspiiofi,  ii.  turn,  establiobecj  i be  turnaround  shipping  costs, 
flight  mission  spectra,  alicj  on-site  fuel  cools  used  In  calcu¬ 
lating  l  be  t  ran  on  i  s  o  i  on  overhaul  dollar  cost  (ver  flight  hour  * 
tie  basis  of  the  cOst-cffc  live  (less  dele  ITS  i  Hal  ion. 
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f  1  e  |>  to  jHJ  ae  .  (  fall  osteal  (lit  i  Mif  l^jrnl  l  Gh  a  for  I  lie  calc  li>)ci!  t  HO 
aludy  Wefc  (ifcdl'afcd  Oft  I>  i  (fl>  reliability  lci|.)  i  rcStcn  l  a  VI  la  I 
dictate  lie  o  ae  uf  a  l  v  i  tv  *c  jag  i  lie  l  ta  a  t  a  1  l  a  l  1  tala ,  h  I  I  jiio  ■ 

ftlaalon  la  driven  dlrcilly  f »  ortb  lulu  cfagilaca  uf  lie  re<|aiircd 
1  uroc|K)WT|  for  cj  la  aife  level.  T1>c  c  Ola  f  l  g  u  r  a  l  l  on  a  were  fall 

lief  real  fit  lea!  la  beti<0|>lera  u  l  !  1  >  one  a«  1  la  fu  l  of  ala*)  ala 
ala  l  i  l  O  f  «(UC  (tall)  fol  uf  ,  fbe  at  t»|»e  of  lie  a  l  m  *  I  y  1  111  1  an!  eaj  Baf¬ 
fle  lelal  I  Oferjwjwcf  I  ala^e  lo  clat  ortjia  a  a  1  igl  l  ,  Act!  i  aaf  alad  Iravy 

I  c  i  l  a  o(i I  e  f  a  |  l  will  eli(!  {tie  l K  (>a l  a l  >00  !»(»  (»cf  elaf  1  lie  .  1  >00  1  (a 
|w  t  elag  ille  .  ala«!  4H00  b(»  |ae  f  engine  Tl»e  b  [ac  c*l  falage  vaa  al  au 

a  I  ooela  to  bfua<tly  rlat  u*|iaaa  jifeaelal  turbine  a!  a!  I  o»l|>Ul  a|»ced 
ala>!  all  l  1  a  i  (>a  l  eaj  advafai  cal  'cal  oology  engine  (  ATI!  ajtccda  bOOO 
!  (all  l  o  .’*•  ,  OOO  ’  |an ,  fl  e  full  ov  1  lag  jiaf  aH*e  l  e  f  a  ue  f  e  aloe*!  I  fa  lie 

II  fee  I  of  ae|  owe  r  level  a!eaigua| 
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fie  tail  lolor  l>Ofael»Ower  1  1  a  l  ral  above  Uaa  derived  f  f  (>*  gigure 
l,  vli  i  a  !i  ,i|  ca  aseo  a  a  l  r  a  i  gf<  l  - 1  i  far  r  c  1  a  l  l  on  a  !i  i  j>  belweela  stall 
rotor  l'orof|iovrr  alaal  r  etjo  { f  eaj  fall  rolof  bo  r  a  c  (K>Ue  r  .  TVo 
[•oilala,  Ott'iHA  afaal  Alt-Ill,  were  uaed  lo  generate  llie  line.  Jio 
ala  a  1  >*  a  i  a  Waa  *»ade  of  lie  relative  rotor  eolidily,  rain  rotor 
l»oarer  rn|oir*<l,  or  atit  i  lorijaie  roior  (sower  re«juire<l  aa  influ¬ 
enced  by  ai«e  and  |>ovrr  range,  Tb  i  a  Idealisation  in  no  way 
delraila  f ro«  l be  reoulta  of  l  be  aludy;  l be  tail  roior  drive 
»y»tr9  a  an  be  alsed  for  any  |>owrr  level  lo  Wrl  a  <  l  U  a  l  require 
stent  a 
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.traign  (xiwc  r  <  olid  1  l  i  Otia  for  (lie  cat  clulnl  ■  1  ire  I  |  oliat*  '  a  a  1  olio 
lire  f  i|("  l  lie  |  derived  f  r  ««S  I  ei  ul<ln)  f  1  i  g  I  (  I  oa!  &  pet  Ira  oil  I  >•  I  lied 
(III  All  *  l  U  .  till  1C.  atid  Ull  -  1 II  belli  opt  era  III  I  he  IIVII  I  lirulrr  , 
fie  <lii!.»  4<  <|i»i  a  i  (  1  oti  olid  lrdo«  I  lull  ayelecsa  nfr  «Ie#i  r  i  bed  in  i 
HlIC  fe|Kll*l  ( Hufrlrlii  r  l).  flir  Ira.*) 'a  of  (hie  pl  ug  I  am  were 
preedit  cd  lit  I  i  a  (  og  r  a*e  of  f  1  1  gl  I  itiilietivcl'  I  uaila  ,  coalite  |muel  , 
Cbiallt  color  I  |<a  ,  nil  llmlc,  alul  flight  a|iee<la  for  lie  lliree 
iNnl  r  l  a  Oar  It  l  i  ol.nl  .  lit  older  of  ac  verity,  l  I  Wo  a  ilefitiilrly 
a  I  owl  I  hot  I  lie  All  l<i  ranked  higheot  ill  |Hitfr  r  I'equ  I  reSaelit  a  ,  (!  ■ 
too<)a,  olnl  rl  ighl  a|irnl  Cubic  tfceatl  (tower  rri|i|irrftrlil  a  were 
■lerivetl  f  rots  I  lie  All-id  (lower  II  a  I  og  I  a®  old  Hard  oa  o  Itoar  line 
for  ealoitl  i  eh  1  lig  l  fie  extended  THO  I  r  oil  e«  l  a  a  i  on  deaigtt  (tower. 

Tie  All  *  1  C  woa  e|>r(' i  f  it  e  1  l  y  i  Imam  ailu  e  il  |i  rod  tired  conaervo- 
(ive  (ftorr  a  I  r  in  (I  eli  l  )  deeign  r equ i  rn&e It t  a  on  I  lie  ealrmlril  THO 
I  r  oliatti  aa  i  on  .  A  t  c»|mr  i  aon  of  I  lie  0|>e  ro  I  i  Olto  l  |>owrr  <lolo  Of 
lie  Alt  lli,  Ull- 1 0.  olid  Utl-IH  ia  I  ululated  lie  low; 


Model 

Average 
l*owc  r 
(  III*) 

*»or®al 

Kng ine 
I’ttvr  r 

<  III') 

Power 

Ava i 1  ah  1 e 
(  HI*) 

Military 
(.  U. 
(Lb) 

A'l-ld 

791 

l.’io 

l<.00 

9100 

UH  10 

M  .* 

1100 

1100 

OlOO 

til- ill 

*.11 

1  .’10 

1400 

9100 

Aa  a  re  au 1 l 

of  'nr  cubic  »eatt  power 

exhibited  by 

the  All- 10 

(Figure  .*) 

compared  to 

the  noroal  rated  (tower  (A.* 7  I.’IO  * 

,*/3)  ,  a  dea 

i  gn  factor  of  611.  wan  ci 

tablished  for 

hearing  dr- 

sign. 

Since  i  lie  input  art  i  lone  of  rod  i  rains  i  ••  i  on  «ay  be  required 
to  iraiatrii  fell  engine  |>ower  in  i  be  event  of  »  ingle -eng  ine 
operation,  the  deaigtt  (aower  ia  full  engine  power  available. 
Thus.  ii  t  be  event  of  on  engine  failure,  t  be  regaining  engine 
would  aualoin  adequate  (>ower  to  the  »oin  rotor  coat.  The  nor* 
®al  operating  condition,  lowever,  wherein  both  engines  ore 
functional,  would  not  require  the  full  (>ower  available  fro® 
each  engine;  nor  would  this  be  desirable.  The  helicopter  de¬ 
sign  gross  weight  esust  be  within  the  capability  of  a  single 
engine  to  sustain  fright.  This  would  preclude  tie  use  of  an 
engine/grosa  weight  coablnal ion  that  would  result  in  excessive 
loss  of  flight  capability  in  the  event  of  a  s ing le -eng ine 
failure,  since  V) \  power  is  generally  not  sufficient  to  cl  lab 
at  full  gross  weight.  Therefore,  tie  actual  main  rotor  Jesign 
(tower  is  established  as  two-thirds  of  twin-engine  power,  thus 
providing  71^  of  this  power  to  the  oa in  rotor  in  the  event  of 
single-engine  failure.  This  is  adequate  to  sustain  flight 
within  a  restricted  hut  safe  oaneuver  envelope. 
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The  following  design  parameters  writ  established: 

1,  Gear  benign 

A.  Input  gears  are  designed  with  45  i  on  f  i  deuce  of 

‘)‘).5*.  re  1  i oh i  l  i  t  y  in  bending  fatigue  and  5".  proba- 
hility  of  pitting  for  single-engine  ower. 

H.  Planetary  gear*  are  designed  for  the  Maine  statis¬ 
tical  leliabi  l  i  t  ien  at  two-lhirilM  twin-engine 
rateil  power. 

2.  Hearing  benign 

Input  hearingii  are  designed  for  a  H^q  life: 

A.  .’700  bourn  at  65'*.  takeoff  (T.O.)  power  for  a  1200- 
hour  THO  t  ran  Mini  mm  ion. 

B.  5000  lioum  at  65'.  T.0.  power  for  a  3000-hour  TB0 
i  ran  Mini  .m  ion  . 

C.  7500  tiourn  at  05*.  T.O.  power  for  a  OOOC-hour  TB0 
t  ran  nail  anion. 


All  oilier  hearingn  munt  have  similar  liven,  but  at 
05*.  x  two  - th i riln  twin-engine  power. 

A  17.  overpower  requirement  is  imposed  for  design  of 
gears  and  bearings  in  the  3000-  and  6000-hour  gear- 
boxen  in  excess  of  power  required  on  the  1200-hour  TB0 
transmission.  This  additional  power  requirement  is 
derived  from  the  power  spectrum  exhibited  by  the  AH-lG 
helicopter  (Reference  l)  in  the  RVN  theater,  wherein 
operation  at  powers  above  T.O.  rating  was  recorded. 
Rated  engine  power  for  the  All-LG  is  1400  bp  maximum 
and  1750  normaL  rated  power  with  a  transmission  rating 
of  l 100  hp.  The  AH-lG  actually  attained  some  flight 
time  at  powc r  up  to  1400  hp. 

Since  the  power  available  for  twin-engine  design  is 
above  normal  T.O.  ratings,  as  with  the  AH-lG,  it  is 
anticipated  that  a  portion  of  that  cower  will  occasion¬ 
ally  be  used.  The  proportionality  factor,  L.12,  is 
derived  from  the  normal  rated  engine  power  and  avail¬ 
able  power  of  the  AH-lG: 

Power  Available  _  1400  .  . 

Normal  Rated  Power  12 50 
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3.  Utilization  rule  of  50  flight  boors  per  month  was 
chosen . 

4.  The  design  of  bearings  to  withstand  3000  and  6000 
hours  of  operation  at  a  preset  power  level  must  en¬ 
tail  a  statistical  rate  of  failure,  which  results  in 
"premature"  removal  due  to  fatigue  failure  in  less 
than  the  TBO  period.  In  order  to  reduce  the  number  of 
predicted  failures,  the  life  requirement,  and  hence 
size  and/or  complexity  of  the  bearing  (and  gear)  ,  i.< 
increased  above  the  TBO.  Hence,  a  reasonable  statis¬ 
tical  failure  rate  with  adequate  confidence  level  mus" 
be  chosen  that  will  not  overly  burden  the  transmission 
with  weight  or  cost.  For  this  reason,  suitable  fail¬ 
ure  rates  were  chosen  as  3%  of  the  1200-hour  TBO 
transmission,  5%  for  the  3000-hour  TBO  transmission, 
and  8"  for  ttie  6000-hour  TBO  transmission.  These 
choices  of  statistical  percentage  of  failures  result 
in  required  design  B].o  lives  of  2720  hours  for  the 
1200-hour  TBO  transmission,  5000  hours  for  the  3000- 
hour  TBO  transmission,  and  7500  hours  for  the  6000- 
hour  TBO  transmission.  The  target  design  lives  thus 
established  afford  reasonable  statistical  reliability 
while  preventing  excessively  difficult  design  specifi¬ 
cations. 

Under  identical  power  conditions,  the  probability  of  a 
bearing's  attaining  a  low  predicted  life  is  much  less 
than  the  probability  of  attaining  a  high  predicted 
life.  This  is  shown  subsequently  where  the  generic 
failure  rate  drops  for  increasing  TBO,  but  the  basic 
Bio  life  requirements  are  higher  for  extended  TBO. 

GEAR  DESIGN 

In  general,  there  are  feur  fundamental  failure  modes  for  gear 
teeth.  These  are  considered  to  be  mechanical  wear,  breakage 
(impact  or  bending  fatigue),  pitting  or  spalling,  and  scoring 
or  scuffing. 

The  first,  simple  wear,  is  generally  abrasive  in  nature  and, 
under  conditions  of  proper  protective  environment,  exists  only 
in  relatively  soft  materials  and  very  low  pitch-line  veloci¬ 
ties.  For  helicopter  transmission  system  design,  the  use  of 
hardened  (Rc  58  min)  gears  and  pitch-line  velocities  in  excess 
of  1000  ft/min  completely  eliminates  failure  from  simple  me¬ 
chanical  wear. 

Tooth  breakage,  the  second  mode  of  failure,  is  most  generally 
related  to  the  basic  material  endurance  strength;  impact 


sufficient  to  produce  brittle  failure  is  not  generally  found 
in  relatively  high-compliance  mechanicaL  drives  such  as  found 
in  helicopter  systems.  In  practice,  today's  limiting  <  sign 
loads  Lend  to  be  fixed  by  pitting  and  scoring  phenomena.  At 
such  load  levels,  helicopter  transmission  ecvir  and  helical 
spur  gears  can  be  designed  and  manufactured  with  *.•: h  accuracy 
and  control  that  bending  failure  rarely,  if  ever,  -iccurs.  As 
an  example  of  this  fact,  over  12,000  IJH-1  transmission  s;  vstns 
have  been  built,  containing  well  over  200,000  spur  gears,  .;,nd 
in  all  units  returned  for  overhaul,  not  one  Instance  ■’>?  cooth 
breakage  has  been  observed  (Reference  2).  However,  tnis  is  not 
entirely  the  case  with  regard  to  spir?/!.  oavel  gears.  Spiral 
bevel  geains,  as  manufactured  on  current  machine  tools,  have  inher¬ 
ently  inferior  root  fillet  geometry,  resulting  in  higher  stress 
concentration  and  greater  tolerance  variation  in  root  fillet 
radii  when  compared  with  ton vent ional  spur  and  helical  gears. 

For  thess  reasons,  coupled  with  the  observation  that,  spiral 
bevel  gears  will  generally  exhibit  greater  pitting  life  than 
spur  gears  under  equal  load  intensity,  design  loads  are  more 
often  than  not  limited  by  tooth  breakage.  The  AGMA  spur  bend¬ 
ing  stress  calculation  method  and  the  Gleason  Works  hvpoid  and 
bevel  stress  method  (both  computerized  at  BMC)  art  adequate 
design  tocls  to  obtain  wholly  reliable  service  operation. 

Pitting  failure  phenomena  cannot  be  discussed  apart  Froni  the 
scoring  and  lubrication  distress  failure  modes.  In  ei.-v.sical 
gear  design  practices,  the  pitting  life  of  gear.'  is  rel  fr-d  to 
the  Hertzian  contact  stress  by  the  inverse  ninth -power  law 
much  as  in  antifriction  bearing  Life  theory.  In  this  approach, 
the  basic  material  endurance  or  rnpacitv  is  proportional  to 
its  macroscopic  hardness  and  further  related  to  specific  chem¬ 
istry,  nonmetal  lie  inclus  c/n  size  and  frequency,  grain  orien¬ 
tation,  and  residua*.  stress  field  (Reference  3). 

In  i '  is  seatK  ,  the  pitting  defined  is  essentially  pitch-line 
or  rolling- contact  fatigue.  More  often  than  not,  however, 
ocher  pitting  or  spalling  modes  give  more  trouble  in  helicopter 
transmissions.  Scoring,  discussed  in  depth  later,  can  lead 
directly  to  pitting  if  the  severity  is  of  sufficient  magnitude. 

The  scored  areas  are  surrounded  with  untempered,  rehardened 
(mass  quenched)  martensite,  while  the  primary  scored  area  may 
be  in  a  relatively  soft  tempered  or  annealed  state.  Repeated 
stressings  will  lead  to  progressive  crack  propagation  from  the 
rehardened  interface  until  severe  pitting  occurs.  The  second 
alternate  mode  is  generally  termed  case  crushing.  The  gear 
face  develops  severe  longitudinal  and  transverse  cracks,  which 
yield  to  formation  of  large  pits  or  spalls.  This  is  simply 
attributed  to  insufficient  case  depth  to  support  the  sub¬ 
surface  shear  stress  envelope  beneath  the  Hertzian  contact 
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band.  The  finaL  pitting  mode  is  usually  the  most  frequent  in 
spur  gears  operating  in  synthetic  lubricants  such  as  MIL-L- 
7808  oil  at  relatively  modest  pitch-line  velocities.  It  may 
be  treated  as  an  interrelation  between  elastohydrodynamic 
lubricant  film  thickness  and  tooth  surface  roughness.  The 
origin  of  such  pits  is  on  the  surface  at  severe  asperity  con¬ 
tact  locations,  generally  on  the  driver  dedendum  at  the  loca¬ 
tion  of  the  first  point  of  single  tooth  contact.  The  exfolia¬ 
tion  progresses  in  a  fan-like  shape,  broadening  and  deepening 
in  the  direction  of  sliding  (often  undermining  large  sections 
with  subsurface  cracks)  until  large  pits  or  spalls  are  evi¬ 
denced.  This  reduction  in  normal  pitting  life  due  to  thin- 
film  lubrication  effects  has  been  treated  extensively  in  Ref¬ 
erence  3.  This  type  of  pitting  accounts  for  90%  of  the  pri¬ 
mary  failures  observed  in  closed-circuit  overhaul  of  UH-1 
transmission  systems  (Reference  2). 

Successful  operation  of  a  properly  designed  set  of  gears  is 
finally  dependent  upon  the  uniform  axial  and  controlled  pro¬ 
file  distribution  of  normal  tooth  loads  and  the  interdependent 
conditions  of  lubrication.  Assuming  that  proper  alignment  is 
achieved  at  the  design  power  deflection  condition,  the  first 
point  of  contact  occurs  at  the  tip  (O.D.)  of  the  driven  gear, 
and  contact  progresses  down  the  profile  until  the  tooth  goes 
out  of  action  at  the  driven  gear  flank.  The  driven  gear  tooth 
assumes  a  certain  amount  of  the  transmitted  load  immediately 
upon  contact.  This  load  can  range  from  near  zero  to  several 
times  the  single  tooth  transmitted  load.  Since  the  teeth  are 
cantilevered  beams  acting  under  an  elastic  loading  condition, 
there  is  a  calculable  amount  of  deflection  present.  The  pair 
of  teeth  just  preceding  the  set  that  is  about  to  contact  at 
the  driven  gear  tip  will  be  deflected  such  that  the  net  effect 
will  be  felt  as  an  index  error  at  the  first  point  of  contact. 
If  no  attempt  is  made  to  relieve  this  index  error,  a  direct 
overload  will  occur.  By  proper  analysis  and  design,  this 
"mis-indexing"  can  be  eliminated.  This  generally  is  accom¬ 
plished  by  modifying,  or  relieving,  the  tooth  profile  at  the 
driven  gear  tip  an  amount  that  will  be  equal  to,  or  slightly 
less  than,  the  deflection  of  the  pair  of  preceding  teeth.  A 
similar  condition  of  deflection  and  modification  must  also 
exist  at  the  last  point  of  contact,  to  prevent  an  overload 
condition  as  the  teeth  go  out  of  action. 

There  are  several  types  of  distress  that  can  occur  as  an  ul¬ 
timate  result  of  improper  tip  and  flank  relief  in  a  heavily 
loaded  set  of  gears.  Generally,  the  initial  distress  is 
scoring  which  may  rapidly  progress  to  destruction  of  the 
critical  profile  shape,  leading  ultimately  to  premature  pit¬ 
ting.  if  the  load,  lubrication,  and  speed  conditions  are  suf¬ 
ficiently  severe.  Scoring  may  be  evidenced  as  bright-polished 


radial  grooves  at  the  tips  and  flanks  of  the  teeth ,  caused  by 
direct  metal-to-metal  contact  in  conjunction  with  the  swiping 
action  present  at  the  gear  tooth  extremities. 

Although  the  exact  physics  of  definition  remain  the  source  of 
much  debate,  scoring  may  certainly  be  attributed  to  a  pro¬ 
gressively  increasing  contact  temperature  generated  by  high- 
relative-sliding,  high-unit-load,  gear  tooth  geometry,  and 
constant  metallic  contact  of  sufficient  energy  density  to 
reach  the  surface  liquif ication  temperature  of  approximately 
2900 °F.  The  ability  to  transmit  high  torque  loads  is  con¬ 
tingent  upon  maintenance  of  a  film  of  lubricant  within  the 
contact  area  that  is  of  sufficient  depth  to  prevent  progres¬ 
sive  harsh  asper?'.ty  contact  between  the  conjugate  surfaces 
and  limit  the  surface  energy  density  to  less  than  critical 
values.  Providing  there  are  no  asperity  contacts,  or  infre¬ 
quent  contacts,  the  lubricant  temperature  in  the  contact  area 
will  stabilize  and  no  distress  will  occur.  However,  if  the 
speed,  lubricant  type,  and  transmitted  load  are  combined  so 
that  incipient  scoring  occurs  before  temperature  stability  is 
attained,  then  scoring  distress  is  imminent.  The  design  of  a 
successfully  operable  gear  set  would  then  dictate  that  an  ade¬ 
quate  lubricant  film  relative  to  the  surface  roughness  values 
of  the  operating  teeth  be  maintained  under  all  conditions  of 
operation  within  the  design  power  envelope. 

Definition  of  adequate  film  thickness  must,  of  course,  con¬ 
sider  the  fact  that  the  total  system  of  lubricant  -  gear  metal 
reaction  in  the  so-called  EP  additives  can  grossly  influence 
apparent  critical  film  thickness  ratios.  Lubricant  film  thick¬ 
ness  is  interdependent  with  coefficient  of  friction;  in  the 
thick  film  lubrication  region,  an  increase  in  temperatur  '  de¬ 
creases  coefficient  of  friction.  Thus,  the  efficiency  in¬ 
creases  with  lubricant  temperature.  However,  an  increase  in 
temperature  is  accomplished  by  a  decrease  in  lubricant  vis¬ 
cosity  and  film  thickness.  If  progressive  asperity  contacts 
occur,  the  coefficient  of  friction  will  increase  and  the  tem¬ 
perature  will  not  stabilize.  Scoring  will  then  result  (Ref¬ 
erence  4).  Whether  or  not  this  metallic  contact  is  an  abrupt 
result  of  collapse  of  the  lubricant  film  at  some  intrinsic 
"critical  temperature"  of  the  lubricant  is  an  unsettled  ques¬ 
tion  in  today's  gearing  technology. 

The  analytical  tools  at  hand,  while  not  completely  general  in 
nature,  are  quite  adequate  for  engineering  design  work  when 
based  upon  extensive  experience.  For  operation  in  mildly 
reactive  lubricants,  such  as  MIL-L-7808  with  the  case  carbur¬ 
ized  and  nitrided  gear  steel  used  in  this  design,  such  exper¬ 
ience  is  available.  The  stress  levels  to  which  such  gear 
teeth  can  be  loaded  and  still  successfully  operate  for 
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requisite  time  interval?*  have  been  determined  by  extensive 
testing  of  ttie  llll-l  t  runsm  i  hn  i  on .  based  on  the  test  results 
and  with  an  intimate  knowledge  of  the  operating  loads  and  en¬ 
vironment,  a  theoretical  analysis  has  been  devised  that  will 
satisfactorily  predict  the  instantaneous  stresses  and  loads  ot 
a  given  gear  set.  With  the  theoretical  analysis  as  a  design 
tool  and  with  knowledge  gained  through  experience  as  a  guide, 
a  highly  reliable  transmission  system  can  be  designed  and 
manufactured,  with  a  minimum  development  cycle.  The  extended- 
life  transmissions  have  been  designed  to  these  known  operating 
limits  and  represent  a  reasonable  approach  to  the  existent 
state  of  the  art. 

SPIRAL  BEVEL  GEAR  DESIGN 

The  input  spiral  bevel  gears  in  each  transmission  were  de¬ 
signed  with  the  aid  of  a  Gleason  Company  computer  program. 
Three  main  design  features  were  carefully  considered  in  the 
bevel  gear  analysis:  safe  gear  operating  stresses  consistent 
with  the  high-speed  application,  shaft  mounting  configuration, 
and  imposed  bearing  loads. 

Safe  operating  stresses  are  essential  to  successful  long-life 
operation  of  the  bevel  teeth.  It  is  recognized  that  the  high 
pitch  line  velocity  (>10,000  feet  per  minute)  of  the  twin 
1500  and  twin  4800  transmission  input  pinions  aggravates  the 
operating  stresses  due  to  any  dynamic  tooth  loading  condition 
that  exists  in  the  teeth.  In  order  to  partially  offset  the 
dynamic  loading  condition  and  to  prevent  overstressing,  the 
bevel  gear  teeth  were  designed  with  a  high  mismatch  contact 
ratio.  This,  coupled  with  relatively  low  calculated  bending 
stresses,  assures  safe  operation  (Reference  5). 

The  mounting  system  of  both  the  pinion  and  the  gear  member 
materially  affects  the  operating  stress  conditions  in  the 
teeth.  All  bevel  gear  members  in  the  main  power  paths  of  each 
transmission  are  straddle-mounted.  This  arrangement  yields 
less  deflection  under  load  than  an  overhung  gear  mounting  and 
provides  more  accurate  conjugate  tooth  contact,  thus  minimizing 
pattern  shift  and  reducing  the  applied  design  mounting  factor. 
Internal  clearances  held  in  the  roller  bearings  are  relatively 
high  due  to  fail-safe  operation  requirements,  but  the  contact 
patterns  are  well  developed  through  a  deflection  test  program 
to  accommodate  known  clearance  conditions.  The  inherent  rigid¬ 
ity  of  angular  contact  duplex  and  triplex  ball  bearings  mounted 
as  shown  also  contribute  to  the  accuracy  and  smooth  operation 
of  the  bevel  gears. 

The  third  item  given  close  design  consideration  in  the  bevel 
gear  analysis  was  the  component  loads.  Unnecessarily  high 


11 


radial  ur  axial  load*  t  an  rennlt  from  lmproi>*r  *elec  «  ion  of 
Ihe  helix  tingle  and  prenaure  tingle  for  tiie  bevel  teeth.  Kor 
ti  given  net  of  tooth  number*,  the  tangential  tooth  load  varte* 
only  with  fiitrb,  «o  <t  proper  choice  of  helix  <tn<i  prenoure 
tingle*  for  tiie  bevel  teeth  can  minimise  l tie  reaction  load*  on 
tiie  xupfiort  bearing*.  Thi*  mu*t  ,  of  course,  be  accomplished 
witliin  the  contact  ratio  limit*  discussed  earlier.  Various 
bevel  gear  configuration*  were  investigated,  and  the  data  for 
the  final  *elec ted  net*  are  «hown  in  Appendix  I.  The*e  »et» 
repreaent  optimum  denign*,  con*  (dering  tiie  above  factor*. 

dear  Material* 


The  material  for  all  tiie  external  gear*  i*  vacuum  arc  remelted 
AMS  6265  xtcel.  Tiie  gear  teeth  are  Kelertivcly  carburized  to 
an  effective  case  deptli  of  .030  to  .038  inch.  The  *tock  re¬ 
moval  after  carburizing  i*  .001  to  .006  inch;  lienee,  tiie 
fininhed  effective  cu*e  depth  i*  .026  to  .037  inch.  Caxe 
hardness  l*  Rc  60-63,  and  core  liardne**  i#  Rc  33-61  on  tiie 
finished  gears.  The  carburizing  process  (per  Bell  Proce- » 
Specification  KV-6620,  Clas*  A)  includes  cartiur  i  z  ing ,  suu- 
critical  annealing,  quenching,  deep  freezing,  and  tempering. 

The  material  for  tiie  internal  ring  gears  is  vacuum  arc  remelted 
AMS  6675  steel.  The  gear  teeth  are  selectively  nitrided  to  an 
effective  case  depth  of  .018  to  .026  inch.  Tiie  slock  removal 
allowed  after  nitriding  is  .001  to  .005  inch;  hence,  the 
finished  effective  case  depth  is  .013  to  .023  inch.  Case 
hardness  is  R15  90.0  minimum  (on  ground  surfaces),  and  core 
hardness  is  Rc  38-66  on  finished  parts. 

The  large  size  of  the  gear  components  used  in  the  twin  6800 
probably  precludes  tiie  attainment  of  full  core  properties  in 
the  AMS  6265  material  (governed  by  section  thickness)  and  full 
strength  properties  of  the  AMS  6675  (governed  by  low  rutio  of 
case  thickness  to  section  thickness).  If  size  effects  should 
produce  degradation  in  mechanical  properties  sufficient  to 
endanger  the  extended  life  design  then  other  materials  would 
be  considered,  such  as  SAE  8620  or  H-ll.  However,  in  the 
interest  of  economy  the  first  choice  of  materials  would  be  us 
noted  above  since  considerable  knowledge  of  processing  exists 
and  material  cost  is  relatively  low. 

Bearing  Design 

The  Bio  lives  shown  subsequently  were  obtained  with  the  aid  of 
a  high-speed  digital  computer  program.  Bearings  operating  at 
high  rotational  speeds  have  appreciable  loads  generated  in¬ 
ternally  from  centrifugal  forces  and  gyroscopic  moments,  which 
are  calculated  by  the  computer  program  and  included  in  the 
statistical  treatment  of  the  load-life  relut ionship  (Reference 
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i  )  ,  Siluc  l  lie  bearings  supfKJrt  ilig  tie  lli|)Ul  bevel  pillion  olul 
gear  staffs  ill  tbe  twin  1  >00  ahd  twin  <<(100  rotate  at  very  l>igb 
rj*s  (..’4,000  input  aiui  ‘>,000  input  ,  respec  t  i  ve  1  y ) ,  the  internal 
bearing  geometry  ahd  assoc  ialeil  effects  of  fen  l  r  1  f  uga  1  alui 
gyroscopic  fori  eo  were  given  close  attention.  Tl'e  ball  spin/ 
roll  axes  arc  greatly  influenced  by  speed -produced  internal 
forces,  alui  rapit!  t  a  t  as  t  ropb  ic  failure  call  occur  if  tbe  c  on  - 
trolling  race  changes  nl  such  high  speec].  Frictional  heat 
causing  rapid  weal  to  occur  during  control  transition  leads  to 
.ic  c  c  1  c  ra  t  eel  failure.  these  deleterious  conditions  Were  pre¬ 
cluded  by  Choosing  proper  preload,  race  curvatures,  and  con¬ 
tact  a  t  ig  les  , 

A  concurrent  bevel  gear  analysis  was  conducted  to  obtain  a 
spiral  bevel  gear  configuration  that  produced  the  least  bear¬ 
ing  loads  while  oca  i  nt  a  i  l.  i  tig  proj>er  contact  ratios  at.d  allow¬ 
able  stresses.  Several  arrangement*  were  investigated  to 
attain  an  optimum  bearing  bevel  gear  balance. 

Ill  deference  to  the  high-s|>eed  application,  it  is  essential 
that  no  distress  appear  in  the  bearings  since  the  rale  of 
failure  progression  is  too  high  to  ensure  detection  before 
c  atast  rophic  failure.  The  normal  sequence  of  events,  as  ex¬ 
perienced  with  the  LK-l  transmission  bearings,  is  to  detect  a 
failure,  either  audibly  or  by  magnet ic  chip  sensor,  to  isolate 
the  location,  and  to  lake  corrective  action  by  replacing  a 
quill  or  the  entire  transmission  assembly  However,  with  the 
high-s|>eed  twin  I'jOO  and  twin  4800  inputs,  the  probability  of 
having  sufficient  lime  for  detection  and  correction  before 
catastrophic  failure  occurs  is  greatly  reduced.  Consequent  1  y . 
the  need  for  high  reliability  is  paramount ,  and  the  CEVH  M-SO 
bearing  material,  as  used  in  the  6000-hour  TBO  transmission, 
contributes  significantly  to  this  requirement  (Reference  8), 

The  inner  rings  of  the  ball  bearings  are  press  fitted  suffi¬ 
ciently  to  preclude  occurrence  of  del r  Imeiital  ring  creep  and 
fretting  corrosion.  The  pro|>er  fit  values  can  be  calculated 
with  excellent  confidence  by  an  experimentally  derived  method 
developed  by  BMC.  When  the  elastic  rings  of  duplex  and  tri¬ 
plex  bearings  are  Interference  filled,  the  inner  raceways  grow 
diamn rally  and  induce  additional  axial  preloading  when  the 
rings  are  c lamped  flush.  These  bearings  must  be  fabricated 
with  the  proper  endshake  (inner  race  face  intrusion)  to  secure 
the  desired  mounted  preload  at  the  high  interference  fits. 

The  shafting  Inside  diameters  are  similarly  fixed  by  the 
strain  requirements  in  the  inner  rings  (at  the  determined  fits) 
to  produce  the  required  interfacial  pressures  to  prevent  creep. 
Hie  resulting  mounted  preload  is  highly  critical  of  tolerances. 
Therefore,  the  AHKO  classes  and  shaft  journal  tolerances  chosen 
must  be  compal  ible  with  system  design  requi  reinent  s . 
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lor  t<  1  gh  speed  hc.it  ll  go,  llit  effects  of  lubrication  are  »u>  !• 
that  a  market!  increase  in  lire  tail  be  attained  w!  en  compared 
(O  similar  conditions  at  law  speed  ,  primarily  due  to  luorica- 
i  ion  influence  (  Referent  c  )).  I'tulcr  high-s|iccd  ■  ontli  (  iu  o 
l  be  lubrication  regime  liet  «ae«  folly  hydrodynamic  and  lie 
resulting  conjunction  compressive  stress  and  subsurface  sircss 
depart  markedly  from  Ibc  tlassic.il  Hertzian  stress.  Hertzian 
stress  conditions  arc  probably  HOI  attained  even  at  low  Speed 
with  bountlary  lubrication,  wierein  traction  stresses  become 
pronounced  suet  Mat  surface  shear  fortes  contribute  to  tlie 
production  of  limiting  surface  and  subsurface  stresses.  With 
full  h  yd  rod  yn.im  i  t  sepur.il  ion  in  the  conjunct  ions  produced  by* 
high  speetj  ,  two  physical  t  dial  at  l  c  i  i  s  l  i  c  s  prevail  the  moving 
toil  Junction  becomes  increasingly  sensitive  to  the  raceway 
sphericity  or  cylindricity  wherein  the  rolling  elements  li  i  t 
the  high  s|>ols,  and  the  (>ealc  subsurface  stresses  are  dimin¬ 
ished  and  occur  nearer  t lie  surface.  The  former  condition  can 
indue e  skidding,  then  smearing  or  scoring  with  attendent  heat 
generation,  and  then  eventual  surface  fatigue  failure  or  sei¬ 
zure  due  to  loss  of  geometry. 

The  latter  condition  can  induce  surface-lnit iated  fatigue 
spalls.  |>ossibly  from  hydraulic  action  in  minor  surface  iraixrr- 
feclions,  or  subsurface-lnlt iated  fatigue  spalls  ot  classical 
origin  but  very  near  the  surface.  In  either  ease,  the  topo¬ 
logical  undulations  contribute  to  the  failure  probability  ii 
allowed  to  become  excessive.  I'or  these  reasons,  the  contacting 
element  surface  conditions  relating  to  osculation  and  espe¬ 
cially  waviness  require  refinement  and  control  to  a  much 
higher  degree  than  low-speed  bearings.  However,  surface  finish 
re<|u  i  cement  s  actually  become  more  severe  in  low-speed  bearing 
uppl icat ions .  it  is  also  recognized  that  the  tbin-filo,  low- 
speed  contacts  are  far  more  sensitive  to  chemical  effects  in 
the  lubr i cant -me t al  conjunction  (Reference  H). 

AKHMA  grade  0  or  better  bearings  are.  therefore,  necessary  for 
the  attainment  of  target  life.  Increases  in  It  i  o  of  the  order 
of  uOO  .  have  been  recorded  when  operating  seemingly  Identical 
bearings  at  high  speed  (10,000  rpm)  as  compared  to  low-speed 
ojierat  on  (l!>00  r|>m)  (Reference  7). 

flic  ise  o!  a  bearing  made  1  roffl  vacuum  -me  1 1  eel  M-50  steel  as  a 
direc  t  replacement  ol  a  i?100  steel  bearing  results  in  a  Hjo 
increase  in  the  application  on  the  order  of  bx  or  greater. 

This  has  been  demonstrated  at  BMC  on  s p 1 i t  inner  ring  main 
rotor  support  bearings  run  at  low  speed  and  high  load  (Ref¬ 
erence  H )  it  MII.-1.-7H0H  lubricant.  The  life  increase  shown  by 
these  tests,  using  similar  bearings  made  from  $7100  steel  as 
u  base  line,  was  considerably  greater  than  bX.  Similar  tests 
were  reported  by  SKF  but  at  high  speed,  with  the  results  being 


n'mil.it  lu  Mlt<’  tm/  epccd  c«|icr  iclu  c  .  bu  I  life  tl  i  l  r.ioeo  only 
o l  i  yl  l  1 y  greater  than  4  X  we  re  rral  i<d)  w  1 1  li  l  lie  M-  50  lie  a  r  l  tig  s  , 

He  euioi  cf  fee  live  method  of  pr  r  veti  *.  i  ny  inner  ring  «  reep  in 
collet  hearings  is  to  eliminate  tie  ring  atid  to  finiali  t  lie 
C.»1  eu.iy  integrally  wi  1 1|  t  lie  alia  f  t  ,  Hi  i  a  prat  l  it  c  lui  a  lie  ell  i  ti 
extensive  tloe  oil  all  t’ll-l  arriea  t  ratiom  i  a  a  i  one  ,  with  rmeilei  t 
Ceaolta,  hot  only  ia  l  lie  tolerant  e  tiller  ol  intern,  1  t  lea  I’- 
atu  e  a  i  yu  i  f  i  tali  t  1  y  reduc  etl  tiy  t  li  i  a  pCai  lice,  tint  l  lie  I  a  t  i  g  je 
elitlulant  e  of  t  tie  t  arhuf  i  Z  etj  vat  Him  aft'  feme  1  ted  year  material 
far  eXieeila  l  lint  Of  •  Olivetti  ioital  l  li  r  O  ig  li  - 1  a  rtlelieij  llealilty 
materials.  Additionally,  toat  alt!  weiytil  aavinya  are  realized 
by  elimination  of  ti  e  inner  rinya  ill  tl  the  associated  apatero. 
tint  a  ,  alnl  locking  lal  tlwat  e. 

Tie  ret  omimentlet!  tolerance  yt'a'le  ia  AltlX*  1  for  t  be  higl  -apoed 
ball  bearinya  atu!  AHKO  »  lot  the  roller  bearitiya,  Since  pre  - 
loatl.  rate  control  anti  pre  a  a -t  i  t  t  i  n  y  lolrlMlu  ra  ol  the  ball 
bearinya  are  i  n  t  e  r*le  pentleli  l  1  y  critical,  it  ia  raaenliol  that 
t  be  tolerable  variations  be  minimized.  All  jotirtiala  are  to  be 
super  f  in  ( abetJ  to  a  'T.A  of  H.  Cot  sitlerable  effort  taust  be  ex¬ 
pel, (fed  to  insure  maintenance  of  t  be  pro[>er  dimensions  and 
tolerances,  which  in  turn  ensures  successful  beariny  ofieration. 

The  maximum  life  exhibited  by  a  roller  beariny  is  obtained  in 
a  roller  beariny  that  is  tlosely  controlled  dimension,  lly.  has 
rollers  that  are  crowned  for  proper  load  distribution  on  the 
rollers,  lias  even  roller  guiding  with  close  roller  and  clear¬ 
ance  accomplished  through  integral  flanges  on  either  or  both 
races,  and,  finally,  is  o|>eratcd  in  a  lubr  icat  ion-s|>eed  regime 
that  produces  relatively  thick  film  separation  of  rolling  con¬ 
junctions  at  the  precise  load  for  which  t he  crown  was  deter¬ 
mined  (Reference  () ) . 

Relaxation  of  any  of  the  dimensional  or  operational  charader- 
Istlcs  from  the  optimum  results  in  /•  reduced  life  for  the  bear¬ 
ing.  Actual  realization  of  the  optimum  beariny  in  addition  to 
continuous  operation  under  the  precise  design  load  condition 
is  seldom  attained.  lor  thi.t  reason,  a  rsans  of  accounting 
for  departure  from  the  optimum  must  be  incorporated  in  l  fa* 
statistical  treatment  of  life  predictions  for  the  roller  bear¬ 
ing.  This  tuts  been  done  <•.»  described  in  References  (>  and  10 
(load  prediction).  Concent  rat ed  loading  in  roller-race  con¬ 
junctions,  especially  count er forma l .  necessarily  reduces  the 
exhibited  life,  compared  to  the  optimum  roller  bearing.  Tbc 
reduction  in  life  is  predicted  through  the  use  of  a  capacity 
reduction  factor,  A.  Tests  run  on  several  different  configu¬ 
rations  of  roller  and  ball  bearings  resulted  in  a  statistical 
A  value  of  O.bl  for  crowned  roller  bearings  and  1.0  for  ball 
bearings.  The  range  of  values  for  roller  bearings  was  0.45  to 


I  0;  (he  lower  Value  of  A  wao  obtained  in  straight  rollers 
c  «(i  l  b  l  t  log  point  toft!  at  I,  alt«l  the  higher  value  of  A  Was  at  - 
tallied  Olt  bearlnga  ( atll'  It'al  ed  wltti  ape*  tally  t  t>(  (rolled  MaltU  - 
factoring  proceeeea  and  <1  imena  Ional  *  or.  f  un  1 1  y  .  ft>e  A  fat  tor 
lo  influenced  hy  roller  guidance,  load  tat. ye,  aurfaic  finish 
aixl  wa  v  i  ue  o  a  ,  roller  crowning,  and  ring  alignment  . 

Attainment  of  alatlalit.il  nervier  life  of  the  bearlnga  uac<l  in 
the  nine  t  r  ahem  i  a  a  i  one  Of  t  h  i  a  aludy  reliea  on  the  uac  of  bigli- 
(|Uality  bearlnga  <  A  MIMA  (trade  t  j)  ,  Wherein  a  minimal  value  of 
A  .'>1  (a  aaaurrd  Uith  pro|>ei  load  predict  iona  and  o|ieral  - 
iny  l»*>  Value#  ,  a  higher  value  Of  A  la  Jnatified,  lor  example, 
t  lie  roller  bearlnga  in  the  hiyh-a|>ced  input  bevel  piniona  of 
the  (win  l 500-bp  t  fanami  aaion  are  analyzed  with  A  ,  M  T1  l  a 

ia  done  ainte  the  a|>eed  range  and  loading  condition  are  auth 
that  the  effecte  ot'  man  uf  at  t  ur  ing  loleratuea,  thermal  diator- 
( ion,  and  roller  dynamite  are  magnified  lo  the  extent  that 
realization  of  optimum  life  ia  improbable.  Tie  roller  bear- 
inga  on  the  input  bevel  gear  abaft  are  aleo  in  (hie  category, 
ainte  the  aimed  ia  atill  high  (Reference  9). 

The  tail  rotor  epur  takeoff  gear  of  the  twin  1500-hp  trana- 
mlaaion  ia  mounted  between  two  cylindrical  roller  bearlnga  in 
auth  a  manner  that  end  loading  of  the  rollere  ia  allowed, 

(Airing  (>ower  oacillution  in  the  tail  rotor  drive  eyatea,  it  ia 
poaaiblr  for  theae  rollere  to  abaorb  a  fluctuating  end  load 
and  t hue  increaae  the  poeeibility  of  adverae  akewiny  effecte 
which  are  detrimental  to  the  life  of  the  roller  bearing.  For 
thie  re  a  a  on  the  value  of  .(>1  for  A  ia  uaed  in  sizing  the 
bearlnga . 

The  output  apiral  bevel  geare  in  the  twin  1500-hp  tail  rotor 
drive  system  are  mounted  in  auch  a  way  that  a  higher  value  of 
A  ia  Justified.  The  rollere  are  loaded  in  the  proper  C/P 
range,  operate  in  the  intermediate  epeed  range,  are  rigidly 
houeed ,  and  are  properly  held  in  position  by  the  duplex  ball 
bearings.  For  these  reasons,  a  A  factor  of  .83  is  used  in 
sizing  these  roller  bearings.  The  value  of  A  =  .83  coincides 
with  the  AF’BMA  capacity  prediction  for  roller  bearings  with 
modified  line  contact  and  integral  guide  flanges,  which  assure 
even  load  distribution. 

The  value  of  A  for  ball-race  conjunctions  is  1.0.  This  is  not 
to  say  that  ball  bearings  have  a  higher  load  capacity;  rather, 
it  is  a  function  of  the  mathematical  predictability  of  stresses 
in  a  point  contact  conjunction.  Conjunction  between  balls  and 
raceways,  both  conformal  and  counterformal  ,  are  always  point 
contacts  and  hence  require  no  reduction  from  the  optimum  for 
observed  conjunction  overdress.  The  conjunction  area  is 
elliptical,  and  the  stress  patterns  are  well  defined  analyti¬ 
cally  (Reference  ll). 
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fir  iliatai  lef  isl  ii  failure  rates  are  all  index  (o  the  relative 
reliabilities  for  eai  h  gearbox  design  at  each  of  the  three 
TitO  levels.  Inability  to  elec  bearings  to  provide  etait  re 
quired  lives  lit  <  oti  joint  i  on  with  t  tie  basic  design  as  s  umpl  i  olts 
yieltls  different  levels  of  reliability  when  considered  from  a 
single  level  of  service  life  or  fro*  the  three  THO  levels. 

For  exaople ,  if  each  THO  level  were  analysed  with  a  predicted 
failure  rate  based  on  1000  hours,  t tie  1200-hour  THO  trans¬ 
mission  would  lave  by  far  the  highest  failure  rate.  Hut  when 
compared  to  3000  tours  and  ftOCO  hours,  the  failure  rates  ar.' 
more  nearly  equal,  thus  indicating  proper  silting  of  dynamic 
e  1  emrit t  s  . 

So  in  addition  to  the  1000-hour  basis  for  generic  failure  rate, 
we  calculate  failure  rates  thusly: 
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1200 

THO 


1200 


A3C00 

THO 


3000 


•so 


1  ■ 
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#>000 
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#>000 


SO 
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Tie  relative  reliabilities  simply  point  out  the  consistency  in 
design  criteria.  The  criteria  are  actually  different  regard¬ 
ing  calculated  LfO  recju  i  rement  s ,  but  tlie  failure  rates  as  a 
function  of  THO  period  show  a  tradeoff  characterist ic  in  favor 
of  extended  THO. 

DIAOSOSTICS  OR  FAILURE  DETECTION  SYSTEMS 

Diagnostics  cannot  prevent  premature  failure,  nor  can  dlagnos- 
tics  be  expected  to  eliminate  secondary  failure.  However, 
diagnostics  in  conjunction  with  such  measures  as  coroparimen- 
tallzation  can  reduce  the  possibility  of  catastrophic  failure 
due  to  secondary  damage.  For  example,  a  most  bearing  spalling 
failure  generates  metal  flakes  that,  coursing  downward  through 
the  transmission,  can  be  entrapped  in  gear  meshes  or  in  bear¬ 
ings  Entrapment  in  gears  could  cause  excessive  deformation 
or  tooth  fracture  and  loss  of  drive.  ftitrapmcnt  in  bearings 
could  ultimately  cause  ring  fracture  or  loss  of  operating 
clearance  and  subsequent  overheating  with  attendant  seizure  or 
loss  of  drive.  The  mast  bearing  failure  is  primary  but  not 
catastrophic  in  its  early  stages  due  to  a  low  progression 
rate.  Seizure  or  loss  of  drive  in  this  example  is  due  to 
secondary  causes  in  the  higher  speed  portions  of  the  trans¬ 
mission.  where  progression  rates  are  significantly  higher. 

Transmission  reliability  in  increased  by  the  use  of  a  positive 
failure  detection  system.  If  failures  were  detected  early  and 
isolated  so  that  secondary  debris  damage  would  be  minimal, 
then  overhaul  cost  would  be  reduced.  However,  the  detection 
system,  per  se ,  would  have  no  effect  on  extended  TB0.  The 
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entire  question  of  the  coot -effect ive  overhaul  point  -  in- 
i  icumril  coo!  of  overhaul  due  lo  exlrtioive  >  e>  ol  ihl  y  damage  Vo 
looo  of  reoidual  useful  life  io  in  fact  o.iloidr  tie  a<  o|>e  of 
t  I  (b  refiort 

lop  it _ on c-Uay  Clutch 

Pe  f  vine  t  1  on  of  the  Input  one-way,  or  freewheeling,  clutch  io 
to  transmit  engine  torque  to  the  t  ranomloo  ion  during  normal 
operation,  yet  to  allow  free  rotation  of  the  transmission  and 
other  rotor-drive  components  in  the  event  of  engine  otoppage. 
A  full  -phao  i  ng  clutch  manuf  actured  by  t  lie  Spring  Division  of 
Horg-Uarner  Corporation  wao  cliooen  for  each  t  ranomloo  ion  . 

Sprag  deoign  of  theoe  unite  io  normally  ourti  that  l  lie  clutch 
io  cent ri fugal ly  et gaging.  That  io,  centrifugal  force  acting 
at  the  renter  of  gravity  of  each  oprag  rotates  the  oprag  into 
more  intimate  contact  witli  t  lie  inner  and  outer  races.  Thin 
feature  ensure#  continuous  oprag-race  contact  and  allows 
smooth  engine  reengagement,  at  speed,  after  a  period  ol  free- 
whec 1 lng 

Clutch  lubrication  is  provided  by  a  ,?H-g|*n  oil  flow  rate  on 
the  500-1  p  unit  and  a  . 5-gpm  value  on  the  1500-  and  hHOO-hp 
units  into  the  end  of  the  inner  rings.  This  quantity  of  oil 
lubricates  both  clutch  assembly  radial  bearings  in  addition 
to  the  sprag  clutch  proper.  Adequate  wear  life  for  the  in¬ 
creased  TBO  units  is  ensured  through  use  of  inner-race  over¬ 
running  designs  (wherein  the  centrifugal  load  component  re¬ 
duces  to  zero  with  a  stopped  engine)  and  extra -width  silver- 
plated  beryllium  copper  drag  springs 

The  bearings  in  each  freewheeling  unit  serve  to  center  the 
inner  and  outer  clutch  raceways,  maintaining  proper  alignment 
There  is  no  relative  rotation  of  the  bearing  rings  during 
normal  power-on  operation.  Adequate  false  brinelling  resis¬ 
tance  to  the  imposed  input  drive  shaft  loads  is  provided  by 
use  of  maximum-stat  ic-capacity .  deep-groove,  fracturect  ring- 
type  bearings.  (fcjring  autorotation  or  one-engine -out  opera¬ 
tion,  the  bearing  operates  normally  with  inner  ring  rotation 
relative  to  the  outer  ring.  However,  since  no  calculable 
loads  exist,  no  life  is  shown  for  these  elements. 

DRIVE  SYSTEM  F1.KXIBIU TV 


Drive  system  flexibility  has  been  incorporated  into  each  trans¬ 
mission  for  the  purpose  of  ensuring  proper  load  sharing  in  the 
planetary  reduction  gears.  The  ring  gears  in  each  case  are 
spliued  loosely  to  the  housing.  This  allows  the  ring  gear  to 
deflect  radially  and  circumferentially  at  each  planet  passage 
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»lul  .ill  OWB  lip  separate  >liil»Pl  lie  at  mealies  lo  seek  all  eiplal 
(laitamilled  IoimI,  The  bum  ;;r<iru  nrr  tlliresl  r<i  lltril  radially  lo 
provide  l  Iip  Blimp  1  Mad -shar ing  I  endem  y  tiy  seeking  ei|u  i  1  1  hr  1  urn 
within  1  Iip  ploliet  mealies,  flip  lowpr  |>  1  ultp  I  my  i  nrrlcl'a  lire 
designed  an  ua  l  o  absorb  l  lip  torsional  windup  within  !  hp  plane¬ 
tary  ata,..e  and  thua  |Mf  vriit  gear  I  not  h  pltii  loading.  Thin 
higher  speed  |>1  iittp  t  nry  stage  ia  generally  moat  atiai  p|it  i  IiIp  to 
scoring  failure  whpn  ml  loading  ia  permitted. 

In  l  lip  1  ow  speed  upper  )1  uttr  I  my  naantilil  Ira  whrre  apace  limi- 
tntiona  prevent  t  hp  fletihle  design  used  in  t  hp  lower  plune- 
tiiry  iiaapmhl  iea  nttil  si  o -ing  risk  ia  greatly  reduced,  the  gear 
teeth  tlipmBPlvpa  nrr  moil  ( (  ied  in  the  lead  direction  in  such  .» 
mat-net  ti  nt  no  ptul  loading  exists  under  normal  operating  con¬ 
ditions.  Thp  carrier  iln  Uli  ion#  exist  in  the  upper  planetary 
curriers,  hut  this  del leev ton  is  anticipated  and  at c ommodnicd . 

Kxcesslve  flexibility  is  largely  eliminated  in  the  tliive  sys¬ 
tem,  where  deleterious  effects  may  result.  This  is  noticeable 
in  the  spiral  bevel  gear  mounting  and  bear ing  housings.  The 
nature  of  conjugate  action  in  spiral  be v  1  gear  teeth  dictates 
relative  rigidity  in  mounting  to  preserve  the  developed  con¬ 
tact  pattern.  Although  recent  designs  employing  relatively 
high  helix  curvature  (small  cutter  radius)  exhibit  decreased 
sensitivity  to  deflections,  shaft  deflections  and  housing  de¬ 
flections  allow  relative  motion  of  the  gear  and  pinion  which 
generates  a  concentrated  conjunction  load  on  an  abbreviated 
area  of  the  active  tooth  profiles.  The  resulting  stress  mag¬ 
nitude  can  be  cons iderably  higher  than  nominal  ulcululcd 
stresses  and  can  lead  lo  surface  fatigue  failures  well  in  ad¬ 
vance  of  predi  ted  gear  life.  Hearing  sizes  and  internal 
clearances,  as  well  as  shaft  section  moduli!,  can  also  con¬ 
tribute  to  gear  distress  through  excessive  deflections.  Kor 
these  reasons,  the  shafts,  housings,  and  bearings  must  be 
sized  and  projior  t  ioned  to  effectively  eliminate  excessive  dc- 
f l ec  t ions  . 

One  major  contributor  to  distress  from  deflections  iB  the  main 
rotor  mast.  ibis  element  can  impose  radial  load  to  the  plane¬ 
tary  assemblies  when  mast  shear  loads  are  generated  in  flight. 
The  bending  modes  are  such  that  relative  radial  motion  of  the 
mast  at  the  planetary  carrier  level  will  Induce  radial  re¬ 
action  loads  in  the  planetary  gear  teeth.  To  circumvent  these 
undesirable  deflections,  the  upper  carrier  is  flexibly  splined 
to  the  mast  above  the  planetary  assembly  level.  Deflections 
arc  minimal  at  this  level,  and  spline  flexibility  is  helpful 
in  further  reducing  the  effects  of  deflections. 

Housings  are  so  designed  that  concentrated  pylon  mounting  loads 
are  distributed  to  the  transmission  supporting  structure 
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without  inducing  high  local  de  t’  let  t  i  ons  which  would  affect 
bearings  and  gear  meshes  adversely,  Tl» i h  requires  thut  trans¬ 
mission  coses  he  "beefy"  and  lienee  contribute  to  the  overall 
weight.  Successful  gear  and  bearing  dynamics,  however,  depend 
upon  tlie  practice  of  restricting  flexibility  to  that  extent 
sufficient  to  assure  adequate  Load  distribution  In  elements 
designed  to  share  load, 

KHOSION 

Kroaion  of  Oil  Passages 

Careful  examination  of  several  cored  oil  passages  in  Ull-l  mag¬ 
nesium  sump  cases  and  steel  jets  after  return  for  overhaul  has 
revealed  no  indications  of  erosion.  The  Ull-l  transmission  oil 
pump  is  u  12-gpm  constant -displacement  Gerotor  that  delivers 
oil  at  60  psi  at  a  cored  passage  velocity  of  30  ft/sec.  It  is 
apparent  from  the  investigation  that  the  range  of  flow  und 
pressure  involved  is  not  sufficient  to  cause  erosion  damage  to 
the  oil  passages.  One  unused  case  was  sectioned  and  surfaces 
were  compared  to  verify  that  the  condition  of  the  used  cases 
was  rot  markedly  different  from  the  new  cases.  Therefore, 
erosion  is  considered  to  present  no  problem  in  extending  TBO, 
so  long  as  pressure  and  velocity  experiences  are  not  exceeded. 

300C -HOUR  TBO  TRANSMISSION  DES IGN 


A  3000-hour  TBO  is  attained  through  bearing  changes  wherein 
sizes  are  increased  to  provide  the  higher  capacity  required 
for  extended  fatigue  life;  increased  gear  sizes  to  accept  ad¬ 
ditional  load  as  needed  from  power  available  in  excess  of  main 
rotor  design  power  and  additional  gear  load  cycle  accumulation 
during  extended  operation;  .naterial  changes  necessary  to  pro¬ 
vide  adequate  corrosion  resistance  for  extended  operation;  and 
seal  material  and  configuration  changes  to  prevent  deteriora¬ 
tion  and  wearout. 

1.  Increased  bearing  sizes  are  necessary  to  achieve  suf¬ 
ficient  fatigue  life  for  reliable  3000-hour  TBO.  The 
size  increase  was  predicated  on  the  reduced  allowable 
operating  stresses  of  the  gears,  which  dictated  an  in¬ 
crease  in  horsepower  transmitted  to  the  main  rotor 
mast  and  the  Lx  failure  rate  acceptable  during  3000 
hours  of  service  life.  In  the  case  of  the  1200-hour 
TBO  design,  Lx  =  L3  =  1200  hours,  allowing  a  3%  fail¬ 
ure  rate  for  a  population  life  of  1200  hours.  However, 
for  a  3000-hour  TBO,  Lx  was  chosen  as  Lx  =  L5  =  3000 
hours,  allowing  a  5%  failure  rate  for  a  population  life 
of  3000  hours.  This  was  done  in  an  effort  to  reduce 
the  considerable  size  (hence  weight)  increase  in 
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attaining  3000  hours  TBO.  That  is,  an  L3  design  of 
3000  hours  results  in  excessive  bearing  size  and 
weight  and  provides  too  stringent  a  failure  rate  to  be 
commensurate  with  associated  gear  life. 

2.  The  input  bevel  gears  and/or  helical  herringbone  gears 
must  be  designed  for  infinite  fatigue  life  at  full  en¬ 
gine  output  torque.  The  gear  tooth  load  cycle  accumu¬ 
lation  rate  is  sufficient  to  produce  in  excess  of  10? 
cycles  during  the  1200-hour  TBO  period.  Therefore, 
-hese  gears  were  designed  for  infinite  life  for  the 
1200-hour  TBO  and  retained  for  all  TBO  levels. 

The  operating  surface  compressive  stress  must  remain 
below  some  established  level  to  preclude  surface  fa¬ 
tigue.  This  stresr  level  must  provide  margin  for 
transient  operation  at  overpower  conditions  which 
could  induce  surface  failure  during  the  extended  life 
cycle.  The  restriction  of  operating  surface  compres¬ 
sive  stress  to  this  safe  established  level  is  predi¬ 
cated  on  EHD  film  thickness  and  the  exhibited  fact 
that  gears,  under  thin-film  lubrication,  are  surface- 
fatigue-life  limited  rather  than  flexure  limited.  The 
EHD  film  thickness,  in  turn,  is  influenced  primarily 
by  lubricant  viscosity  at  operating  temperature.  The 
use  of  synthetic  lubricants  and  their  relatively  low 
viscosity  (3-5  cp)  necessitates  designing  to  rela¬ 
tively  low  surface  contact  stress  levels  in  the  low- 
speed  drives,  which,  in  turn,  results  in  relatively 
"heavy"  gears. 

3.  Material  properties  play  a  paramount  part  in  the  at¬ 
tainment  of  extended  service  life.  The  operating  en¬ 
vironment  can  render  a  mechanism  useless  unless  the 
components  are  specifically  designed  and  treated  to 
withstand  the  elements  of  the  particular  environment. 
The  transmission  cases  are  naturally  the  components 
that  are  most  subject  to  corrosion,  especially  areas 
that  tend  to  entrap  moisture  or  retain  dirt  and  de¬ 
bris.  The  case  material  must  have  an  inherent  ten¬ 
dency  to  resist  corrosion  over  long  periods  of  expo¬ 
sure,  or  the  transmission  will  be  removed  "prematurely" 
and  attainment  of  the  projected  TBO  will  not  be  accom¬ 
plished.  The  "corrosion  life"  of  certain  UH-1  trans¬ 
mission  cases  is  limited  to  two  overhaul  cycles,  and 
this  only  after  rework  to  remove  the  evidence  of  cor¬ 
rosion  at  the  first  overhaul.  The  cases  fabricated 
from  magnesium  are  treated  with  corrosion  preventative 
compounds  and  externally  coated  with  organic  coverings 
to  provide  the  best  corrosion  protection  possible  with 
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the  existent  technology.  However,  during  field  ser¬ 
vice  exposure,  the  galvanic  corrosion  around  joints 
where  dissimilar  metals  have  to  be  used  (steel  studs 
and  washers  and  magnesium  case)  reaches  an  advanced 
state  in  1200  hours  (Reference  2).  The  case  geometry 
is  not  such  that  actual  water  traps  are  present,  but 
the  surfaces  around  joint  studs  are  flat  and  horizon¬ 
tal  so  moisture  naturally  collects  and  does  not  run 
off.  The  result  is  eventual  corrosion  in  spite  of  ex¬ 
ternal  organic  coatings  and  sealers. 

There  are  materials  suitable  for  transmission  cases 
however,  and  this  was  shown  in  Reference  2.  All 
transmission  cases  used  on  the  Vertol  CH-47  are  made 
from  aluminum  alloy.  It  was  quite  evident  that  no 
corrosion  problem  existed  with  the  CH-47  transmission 
cases,  to  the  extent  that  no  cases  were  replaced  for 
corrosion  during  the  study  period  in  Reference  2. 

The  ability,  therefore,  to  resist  corrosion  in  field 
service  is  attained  primarily  through  the  use  of 
aluminum  alloy  transmission  cases  and  judiciously  de¬ 
signed  external  geometry  to  prevent  moisture  retention 
on  case  surfaces.  For  the  1200-hour  TBO  transmission 
design,  the  cases  were  fabricated  from  magnesium 
alloy,  but  attainment  of  TBO  of  1200  hours  is  assured. 
For  the  3000-hour  TBO  transmission,  however,  the 
material  was  changed  to  aluminum  alloy,  and  the  joints 
between  cases  were  designed  with  studs  extending  down¬ 
ward,  thus  eliminating  moisture -retaining  flat  sur¬ 
faces  on  the  exposed  upper  surfaces  of  the  cases 
(reference  3000  TBO,  twin  1500  top  case).  The  trade 
off  in  this  instance  is  adequate  corrosion  resistance 
to  attain  extended  service  life  for  the  difference  in 
weight  in  changing  from  magnesium  alloy  to  aluminum 
alloy. 

Shaft  sealing  for  extended  service  life  must  be  ad¬ 
dressed  from  two  aspects  :  seal  wear  and  aging  de¬ 
terioration.  The  use  of  conventional  lip  seals  made 
from  elastomeric  materials  provides  adequate  life  for 
the  "normal"  1200-hour  overhaul  period.  However,  for 
extended  life,  the  problem  of  simple  elastomer  life 
(shelf  life)  can  render  the  seal  ineffective,  generally 
due  to  hardening.  The  seal  must  maintain  a  minimum 
pressure  on  the  shaft  in  order  to  provide  effective 
sealing.  When  the  seal  material  becomes  hard  or  stiff 
due  to  aging,  the  ability  to  maintain  adequate  pressure 
is  lost.  Therefore,  with  shaft  or  sealing  ring  wear 
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in  conjunction  with  elastomer  hardening,  the  seal  may 
begin  to  leak. 

For  extended  life,  the  shaft  seal  must  be  fabricated 
from  materials  that  resist  aging  deterioration.  This 
requires  the  use  of  face  seals,  e.g.,  carbon  on  steel 
(generally  stainless  steel).  The  carbon  face  seal 
resists  aging  deterioration.  This  leaves  only  wearout 
to  be  alleviated.  Sealing  surface  wear  is  not  pre¬ 
vented,  but  an  adequate  wear  life  can  be  attained  by 
proper  design  and  manufacture  of  the  seal,  shaft,  and 
housing.  Proper  design  is  such  that  positive  lubrica¬ 
tion  for  the  seal  is  provided  during  operation.  That 
is,  it  is  necessary  for  the  seal  to  weep  or  leak  a 
small  amount  in  order  to  seal  effectively  and  still 
provide  extended  wear  life.  The  seal  rubbing  inter¬ 
face  must  be  separated  by  an  oil  film  to  eliminate 
wear,  which  leads  directly  to  seal  leakage.  Therefore, 
leakage  must  be  tolerated,  but  the  amount  can  be  con¬ 
trolled  (and  effectively  scavenged  from  the  area). 

The  seal  rubbing  pressure  must  be  controlled  and  main¬ 
tained  constant  throughout  the  life  of  the  seal.  This 
is  done  by  proper  choice  and  application  of  seal 
springs.  The  springs  are  designed  to  maintain  an  ap¬ 
proximate  constant  force  by  making  the  effective 
spring  length  sufficient  to  minimize  the  loss  of  force 
due  to  spring  extension.  In  addition  to  oil  seal 
leakage  which  provides  wear  resistance,  it  is  necessary 
to  prevent  abrasive  wear  due  to  entrapment  of  dust, 
dirt,  and  moisture  from  the  external  side  of  the  seal. 
External  protection  is  provided  by  a  labyrinth  seal 
on  the  shaft  outside  the  face  seal.  Dust  and  dirt  are 
effectively  excluded  during  operation,  and  moisture, 
either  from  rain  or  cleaning  hoses,  is  excluded 
statically.  The  moisture  that  may  enter  the  labyrinth 
seal  escapes  through  a  drain  line  provided  for  this 
purpose  (and  for  the  purpose  of  dumping  weepage  oil 
over  the  side),  so  the  face  seal  absorbs  no  water, 
thus  reducing  the  probability  of  corrosion. 

Attainment  of  3000  hours  of  operation  on  the  labyrinth- 
face  seal  design  is  reliably  assured  with  the  above  de¬ 
sign  features.  Another  possibility  for  extended  life 
is  in  the  use  of  pneumatic  seals.  Air  under  controlled 
pressure  can  be  introduced  into  a  labyrinth  on  a  rotat¬ 
ing  shaft.  This  provides  a  pressure  head  which  effec¬ 
tively  eliminates  oil  leakage  past  the  labyrinth. 

Bleed  air  can  be  supplied  from  the  engine  to  provide 
the  pressure  head,  or  a  shaft-mounted  centrifugal 
blower  can  be  provided.  The  advantage  of  this  seal 
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is  the  absence  of  shaf t-to-seaL  contact,  thereby  elimi¬ 
nating  seal  wear.  One  disadvantage  arises  from  the 
secondary  support  system  (air  supply)  required  for 
proper  sealing.  Another,  and  more  important,  disadvan¬ 
tage  lies  in  the  fact  that  no  static  seal  is  present 
to  exclude  moisture  and  debris  from  the  gearbox.  For 
this  reason  alone,  face  seals  were  chosen  for  extended 
life . 

6000 -HOUR  TBO  DESIGN 

The  design  of  the  6000-hour  TBO  transmission  is  accomplished 
through  modification  of  the  1200-hour  TBO  transmissions  to  re¬ 
ceive  the  3000-hour  TBO  gears  (which  were  designed  to  reduced 
allowable  operating  stresses),  bearing  material  changes,  and 
case  material  changes. 

The  gearbox  cases  are  made  from  cast  aluminum  alloy,  as  were 
the  3000-hour  TBO  cases.  However,  the  housing  proportions 
around  bearings  were  reduced  back  to  the  1200-hour  TBO  size 
since  the  bearings  are  the  same  size  as  the  1200-hour  TBO  de¬ 
sign. 

By  changing  the  1200-hour  TBO  bearings  from  52100  steel  to 
M-50  steel,  a  capacity  increase  was  realized  that  was  greater 
than  the  capacity  increase  attainable  by  increasing  the  3000- 
hour  TBO  bearings  to  the  next  larger  size.  The  life  increase 
was  sufficient  to  achieve  the  minimum  required  B^q  life  of 
7500  hours  for  the  6000-hour  TBO  design. 

The  gears  which  were  designed  to  operate  at  the  reduced  allow¬ 
able  stresses  for  the  3000-hour  TBO  were  also  used  in  the  6000- 
hour  TBO  designs.  The  operating  conditions  for  the  6000-hour 
TBO  are  more  nearly  equal  to  the  3000-hour  TBO  with  respect  to 
the  transient  or  momentary  overpower  condition  than  when  com¬ 
paring  the  3000-hour  design  to  the  1200-hour  design.  The 
cycle  accumulation  at  overload  conditions  would  remain  rela¬ 
tively  insignificant  compared  to  the  billion-cycle  tooth  con¬ 
tact  accumulation.  Although  some  allowable  stress  reduction 
for  contact  fatigue  and  bending  fatigue  in  going  from  four 
billion  to  eight  billion  cycles  (highest  frequency  mesh  in  the 
twin  500-hp  design)  is  generally  considered  applicable,  little 
confidence  exists  in  its  exact  definition. 

The  question  of  seal  design  for  extended  life  beyond  3000  hours 
must  be  solved  by  means  other  than  simply  hoping  that  a  face 
seal  will  last  6000  hours.  The  method  used  in  ensuring  6000 
hours  operation  would  be  to  design  the  seals  into  quills  and 
replace  each  seal  quill  at  the  3000-hour  interval.  Provision 
to  facilitate  seal  quill  removal  would  have  to  be  made,  i.e., 


output  or  input  shaft  design  that  would  allow  seal  quill  re¬ 
moval  without  removing  the  associated  gear  quill.  However, 
the  seal  replacement  would  be  accomplished  at  the  field  main¬ 
tenance  level  with  no  special  tools  required. 

External  flexible  lines  used  in  transferring  lubricating  oil 
from  transmission  to  oil  cooler  and  back  would  also  be  re¬ 
placed  at  the  3000-hour  interval.  No  provisions  would  be  made 
for  quick  disconnects  since  the  lines  would  be  normally 
drained  in  static  position,  and  replacement  frequency  would  be 
minimal.  This  requirement  would  be  completely  eliminated  by 
an  integral  oil  cooler  design  which  would  preclude  external 
oil  lines.  Oil  system  sight  gages  would  be  retained  for  the 
total  TBO,  but  material  for  these  elements  would  be  heat- 
treated  glass  conventionally  mounted  on  O-rings  and  retained 
by  snap  rings. 

Externally  exposed  shafting  would  be  made  from  corrosion- 
resisting  steels  and  would  be  cadmium  plated  as  were  the  3000- 
hour  TBO  designs.  Internal  corrosion  protection  would  be  the 
same  as  the  3000-hour  TBO  design. 
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DLSCKIPTION  OK  TRANSMISSIONS 


WIN  500 -HP  TRANSMISSION 

The  twin  500-lip  t  ransmi  nn  i  on  is  a  two-stage  i'ciIik  t  Ion  unit 
comprised  of  two  Input  spiral  bevel  pinions  (Figure  3.  item 
10)  driving  a  single  spiral  bevel  (Figure  3,  Item  2tJ), 

which  in  turn  drives  a  single  planetary  stage.  An  overrunning 
clutch  Is  positioned  at  each  pinion  location  to  allow  single- 
engine  operation  or  twin-engine  operation  with  different  power 
inputs . 

The  input  spiral  bevel  gear  drives  the  lower  sun  gear  (Figure 
3,  item  3C)  through  a  splined  connection.  The  sun  gear  drives 
three  planet  idlers  (Figure  3,  item  40)  inside  a  semifixed 
ring  gear  (Figure  3,  item  50).  The  planet  carrier  drives  the 
main  rotor  mast  through  a  splined  connection. 

The  oil  system  consists  of  a  constant -displacement  6-gpm  pump 
driven  from  the  bevel  gear  member.  Oil  is  drawn  through  a 
coarse  filter  screen  from  the  main  case  and  pumped  through  a 
10-micron  filter  to  the  oil  cooler.  The  oil  cooler  is  mounted 
above  the  port  input  shaft  coupling,  which  lias  a  centriingal 
blower  attached  to  the  coupling  drive  flange.  Cooling  air  is 
furnished  to  the  cooler  during  normal  operation  by  the  blower. 
In  the  event  of  port  engine  failure,  the  blower  becomes  in¬ 
active;  however,  the  cooling  requirement  is  reduced  due  to  the 
power  decrease  (500  hp  maximum),  so  the  inoperative  blower  is 
not  detrimental  to  the  continued  single-engine  per  t  orwam  «• . 

The  justification  tor  this  assumption  is  based  on  past  perfor¬ 
mance  of  the  I’ll-lA  helicopter  transmission,  which  was  designed 
for  700  hp  continuous,  and  no  oil  cooler  was  used  tor  l  lie  oil 
system  on  the  main  transmission.  The  normal  operating  horse¬ 
power  at  (>5  would  be  comparable  to  the  s  i  ng  1  e  -eng  i  ne  operation 
of  the  twin  500-hp  design  of  this  study.  The  t a  i  l  -  rot  or -dr  i  ve 
spiral  bevel  pinion  (Figure  J,  item  60)  is  driven  by  the  "bull 
spiral  bevel  gear.  The  l  a i 1  -  rot or-dr i ve  output  shaft  also  pro¬ 
vides  a  rotor  brake  assembly  mounting.  The  shaft  rotates  at 
6000  rpm  (same  as  engine  input)  and  transmits  10H  hp  to  the 
antitorejue  tail  rotor  at  1 000  rpm  through  a  3.75  ratio  ‘70  spi¬ 
ral  bevel  gear  set  in  the  tail  rotor  gearbox  (Figure  3,  Tallies 
I  and  II;  Figure  4,  Tables  III  and  IV;  Figure  S,  fable  V). 

Cases  are  made  l rom  cast  magnesium  except  tor  the  top  case, 
which  is  made  l rom  forged  aluminum  alloy,  403J.  The  lop  case 
is  made  from  aluminum  in  order  to  withstand  the  fretting  wear 
assoc  i  iied  with  the  external  spline  on  the  ring  gear. 

Conventional  elastomeric  lip  seals  are  used  in  sealing  input 
and  output  shafts.  Shaft  sealing  surfaces  are  case  hardened 
and  cadmium  plated. 


Oil  Piller  Op 
eivl  Breatier  A^y 


Oil  Pr»*»ur« 
Regulator 


Oil  Kilter 


Oil  Cooler 


Rotor  Brake 
Di*c 


01 1  Di»trilut ion 
Path* 


Twin  ‘>00-1(1'  Tfo-'isi  salon,  l  .’00- (oar  TBO. 


c 


\ 


^ —  111 

1 1 re  Ho, 

He** 

10 

Input  Spiral  Bevel  Tlnion 

- 28 

20 

Input  Spiral  Bevel  Gear 

30 

Sun  Gear 

/ - lr. 

40 

Planet  Pinion 

- -  LR 

50 

Ring  Geer 

60 

Tell  Rotor  Drive  Pinion 

70 

7b 


■••••A  •  D 


Pu-ap 


Hydraulic  Pu»p 
Orivt  r«d 

Tati  Rotor  Drive 
Shaft  Adapter 


Puap  Inlet 
Screen 


I  teat  Wo.  Ha»e 


LB 

2B 

31 

<*B 

SB 

68 

7B 

SB 

9B 

10B 

118 


Input  Pinion  Roller  Site  304 

Input  Pinion  Bell  Site  7212 

Input  Gear  Roller  Sire 
110  x  140s  32  •  8.5  x  10 

Input  Gear  Ball  Slae 
6918  With  13/32  Belli 

Planet  Roller  Slae 
ll  x  11  x  3.86  P.D. 
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fAHt.K  1  .  SUMMARY  OF  HLAKl  NO  LOADS  AND  1.IVKS 


1 1  cm  Be rtr  1  in* 

Axial 

Load  fug  * 

Radial 

(lb) 

Moment 
(in  -lb) 

dear 

11 

_  -J* 

IB  Input  Ft n ion  Holler 

Size  304 

- 

634 

- 

4 

,’B  Input  Hlnion  Ball 

Size  7212 

1  .287 

904 

1  .08  7 

! 

1 

3B  Input  dear  Holler 

Size  110  X  140;  32  -  8.5  X  10 

- 

l  .636 

- 

u 

98  Input  Gear  Ball 

Size  6918  with  13/32  Ball* 

1.175 

703 

1  .0  32 

4 

SB  Planet  Roller 

2  (town ;  16  Koller»/Row 

Size  11  x  li  x  3.86  PD 

* 

2,100 

” 

4 

6B  Hast  Ball 

204 -040-136 

5.370 

**.202 

6,734 

7B  Maul  Roller 

Size  1011 

- 

3 ,  509 

* 

* 

*B  Tail  Rotor  Pinion  Roller 

Size  mi 

- 

918 

- 

9B  Tai  1  Rotor  Pinion  Ball 

204-040-143 

623 

321 

214 

10B  Planetary  Support  Ball 

Size  95  x  125  x  13 

- 

- 

- 

11B  Freewheeling  Ball 

Size  70  x  100  x  12 

- 

“ 

- 

*  65%  Load  tor  lice*  IB  through  5B 

75%  Load  tor  Item*  88  and  9B 

100%  Load  tor  Item*  6B  and  7B 

No  calculation*  made  for  Item*  10B  or  11B 
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frtctiif  pt|i  Will 


(AMI  No  UMIU  AND 

LlVfcN  -  1 200 -HOUR 

mo,  rWIN  500  ill* 

flfitK  * 

jJirtt  Moment 

lb)  tin  -lb) 

Hearing  Life 
Hour** 
i,io  • 

ki'M 

Minimum  Film 
111  if  k  Ilf  on 

llo-t*  ln.7 

ON 

63*4 

4 , 44  5 

(j.OOO 

11 

1 20,000 

904  1,08/ 

2,824 

(j ,  000 

26 

360.000 

,63b 

17.026 

1.575 

1 1 

173.000 

703  1,032 

4.180 

1.575 

11 

142,000 

„100 

4 . 568 

968 

6 

73,000 

,202  6,734 

2.902 

337 

5 

37,000 

,509 

3,754 

337 

2 

19,000 

918 

5.376 

6,000 

1  7 

330 ,0J0 

321  214 

6,048 

6,000 

18 

210.000 

TA.UK  11.  SUltlARY  OP  PUNC 
TWI !1  500  IIP.  1 2< 


1  tea 
No. 

ltea 

- T 

(HP) 

angent lal 
Load 
/lb) 

Diametral 

Pitch 

Number 

of 

Teeth 

Pace 

Width 

(in.) 

RPM 

pitch  LTi 

Veloclt; 

( rt/mln 

1C 

Input  Spiral 
Bevel  Pinion 

500 

3,287 

b .  0 

21 

1.2 

6.000 

3,498 

2G 

Input  Spiral 
Bevel  Gear 

500 

3,287 

6.0 

80 

1.2 

1,575 

5,498 

3G 

4G 

Sun  Gear 

Planet  Pinion 

667 

4,100 

8.29762 

36 

1.6 

1.575 

- 

With  Sun 

667 

4,100 

8.29762 

46 

1.6 

968 

1  ,404 

With  Ring 

667 

4,100 

8.70139 

46 

1.6 

968 

l  .404 

SC 

Ring  Gear 

66  7 

4,100 

8.70139 

132 

1.53 

- 

- 

6G 

Tall  Rotor 
Drive  Pinion 

108 

682 

6.034 

21 

.60 

6,000 

5,467 

7G 

Acceaaory 

Drive  Pinion 

6.774 

21 

.28 

6,000 

4,870 
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I 


|PM_ 

Pi  tcli  Lint 

Velocity 
( f t/«in) 

temperature 

KUe 

(°P) 

Bending 

Siren* 

( P«l ) 

Tjmpre wive 

Sire** 

<P*i) 

"BID  Film  - 

Thick. ic  »a 
(in.  x  10-6) 

Average 
Power  Lohh 

Nutnocr 

of 

Henhen 

,000 

5,490 

204.0 

37,540 

211,750 

7.2 

2.174 

2 

,575 

5.490 

284.0 

37.613 

211, /50 

7.2 

2.174 

2 

,575 

- 

100.9 

44,040 

169,712 

16.41 

.512 

3 

960 

1.404 

100.9 

50.974 

169,712 

16.41 

.512 

. 

960 

1.404 

26.1 

32,305 

135,470 

17.91 

.413 

- 

w 

- 

26.1 

46.235 

135,470 

17.91 

.413 

3 

,000 

5,467 

212.0 

21.761 

144,629 

0.7 

.453 

l 

,000 

L 

4.070 

- 

- 

- 

- 

- 

1 
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Precetfiif  iifi  Mak 


Filler  Cap 
Breather  Assy 


Oil  Distribution 
Paths 


Hydrat 

Drive 


GEARS 


Name 


<s 


Item  No. 


1G 

Input  Spiral  Bevel  Pinion 

11B 

2G 

Input  Spiral  Bevel  Gear 

2B 

3G 

Sun  Gear 

4G 

Planet  Pinion 

—  1G 

5G 

Ring  Gear 

—  IB 

6G 

Tail  Rotor  Drive  Pinion 

7G 

Accessory  Drive  Pinion 

Pump  Inlet 
•ktoA'D  Screen 


Oil  Pump 


Hydraulic  Pump 
Drive  Pad 


BEARINGS 

Item  No.  Name 


IB 

2B 

3B 

4B 

5B 

6B 

7B 

8B 

9B 

10B 

11B 


Input  Pinion  Roller  Size  305 

Input  Pinion  Ball  Size  7214 

Input  Gear  Roller  Size 
110  x  140;  32  -  8.5  x  10 

Input  Gear  Ball  Size 
6918  With  7/16  Balls 

Planet  Roller  Size 
11  x  13  x  3.86  P.D. 

2  Rows;  17  Rollers/Row 

Mast  Ball  204-040-136 

Mast  Roller  Size  1011 

Tail  Rotor  Pinion  Roller 
Size  1912 

Tail  Rotor  Pinion  Ball 
204-040-143 

Planetary  Support  Ball 
Size  95  x  125  x  13 

Freewheeling  Ball  Size 
70  x  100  x  12 


Tail  Rotor  Drive 
Shaft  Adap.er 


TABLE  III  .  SUMMARY  OF  BEARING  LOADS  AND  LIVE 


Loading  * 

Radial  Moment 


■:T3 


Bear in 


IB 

- - - —  — 

Input  Pinion  Roller 

Size  305 

- 

834 

— 

2B 

Input  Pinion  Ball 

Size  7214 

1,279 

732 

999 

3B 

Input  Gear  Roller 

Size  110  x  140;  32  -  8.5  x  10 

- 

1,818 

' 

4B 

Input  Gear  Ball 

Size  6918  with  7/16  Balls 

1,135 

665 

819 

5B 

Planet  Roller 

2  Rows:  17  Rollers/Row 

Size  11  x  13  x  3.86  PD 

2,353 

' 

6B 

Mast  Ball 

204-040-136 

5,370 

4,202 

6,734 

7B 

Mast  Roller 

Size  1011 

- 

3,509 

■ 

8B 

Tail  Rotor  Pinion  Roller 

Size  1912 

- 

977 

_ 

9B 

Tail  Rotor  Pinion  Ball 

204-040-143 

632 

365 

240 

10B 

Planetary  Support  Ball 

Size  95  x  125  x  13 

- 

- 

LIB 

Freewheeling  Ball 

Size  70  x  100  x  12 

- 

- 

; 

*  65%  Load  for  Items  IB  through  5B 

75%  Load  for  Items  8B  and  9B 

100%  Load  for  Items  6B  and  7B 

No  calculations  made  for  Items  10B  or  11B 

Preceding  page  blank 
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BEARING  LOADS  AND  LIVES  -  3000-HOUR  TBO ,  TWIN  500  HP 


g  * 

Bearing  Life 

Minimum  Film 

1 

Moment 

Hours 

Thickness 

(in. -Ib) 

LIO  * 

RPM 

U0"6  in.) 

DN 

TABLE  IV  .  SUMMARY  OP  FUNCTION, 
IVIN  500  HP.  1000-  , 


Item 

No. 

Item 

HP 

Tangent  ial 
Load 
(lb) 

Diame  tral 
Pitch 

Number 

of 

Tc  e  t  h 

Pace 

Width 

(in.) 

RPM 

Pilch  Line  TJ 

Velocity 
(  f  t /m i n ) 

LG 

Input  Spiral 
Bevel  Pinion 

500 

3,036 

5.5 

21 

1.4 

6,000 

5 . 998 

2G 

Input  Spiral 
Bevel  Gear 

500 

3,036 

5.5 

80 

1 .4 

1,575 

5,998 

3G 

Sun  Gear 

667 

4,100 

8.29762 

36 

1.81 

1,575 

- 

4G 

Planet  Pinion 
With  Sun  Gear 
With  Ring 

Gear 

667 

667 

4,100 

4,100 

8.29762 

8.70L39 

46 

46 

l  .  78 

1  .  78 

968 

1  .404 

1  ,40*4 

5G 

Ring  Gear 

667 

4,100 

8.70139 

132 

1.81 

- 

i 

6G 

Tail  Rotor 

Drive  Pinion 

108 

626 

5.53 

21 

.70 

6,000 

5,994 

7G 

Accessory 

Drive  Pinion 

“ 

6.36 

21 

.35 

6,000 

5,184 

ceding  page  blink 


37 


b 

ItWtY  OF  PtINCT  IONAL  OMM 

DATA. 

CM 

500  HI* .  3000 

-  AND  6000 

-HOOK  TtJO 

X~ 

Pitcl.  Line 

Teape  r  4  (  ur  c  3c  is!  i  »**; 

Coaprcoe i vc 

■  11  fill  — 

Avc T4ge 

Surt»tcr 

Vc  loc  l  ty 

Mike 

J>i  rc  o» 

St  fc»» 

TMi  kne  oo 

IVwc r  Loot 

or 

( f t/min) 

( °F ) 

( P«l ) 

(in.)*  10-6) 

<6f>) 

He  o !  ic  » 

0 

5.998 

2  59.0 

26,945 

177,250 

8.1 

2.189 

1 

'3 

5.998 

2  59.0 

27,020 

1  77.283 

8 . 1 

2  . 1  89 

’ 

'3 

- 

93.2 

38,941 

160.902 

10.64 

.556 

3 

0 

1  .904 

93.2 

45.819 

160.902 

10.64 

.556 

. 

1  .404 

25.1 

29.091 

126.410 

18.0 

.418 

• 

- 

25.1 

39 . 59  7 

126.4lo 

18.0 

.418 

0 

5,994 

187.0 

17.349 

123.050 

9.7 

.439 

1 

0 

5. 184 

- 

* 

• 

• 

- 

1 

but  Ion 


tITL 

f  H  *T;  V  ^ 

9»,\ '  - 

//  /  \ 

/  /  y  - oil 


fjsp  Ini*! 
Scr**n 


MyJrjalU 
Orlv*  Pad 

Tail  Rotor  Drive 
Shaft  Adapter 


( 


Utt  Ho.  X— 

Ut  Input  Spiral  Baval  pints 

20  Input  Spiral  Baval  oaar 

SO  Sun  Oaar 

60  Planat  Pinion 

SO  King  Oaar 

60  Tall  Rotor  Drlv*  Pinion 

70  Accaaoory  Drlva  Pinion 


ilSL-KS.*  fiflE* 

ll  input  Pinion  Rollar  Slaa  Son 

21  Input  Pinion  Sail  Slaa  2212 

i|  Input  Oaar  Rollar  Slaa 

110  a  I60j  )2  -  B.S  a  10 

*•  Input  Goar  Rail  Slaa 

6911  With  13/32  lalla 

SB  Planat  Rollar  Slaa 

11  ■  11  a  3.B6  P.0. 

2  Rowai  16  Rollara/Row 

6|  Ha  at  Ball  206-060-136 

7|  Maat  Rollar  Slaa  1011 

BB  Tall  Rotor  Pinion  Rollar 

Slaa  1911 

9|  Tall  Rotor  Pinion  Ball 

206-060-163 

10B  Planatary  Support  Ball 

Slaa  9S  a  12S  a  13 

UB  Praawhaaling  Rail  Slaa 

70  a  100  a  12 


Tall  Rotor  Drive 
Shalt  Adaptor 


V 


■ 


Mot*  mu  Wat 


**1 


10  UMm  A60 

UV64  *  oooO-uuUK 

n»o.  TWIN 

Soo  ill* 

T 

Moment 

( in. • 16) 

hearing  t.l  f  e 

Hour  a 

uo  • 

HI'M 

■  RwTim*  ynr» 

Hi  1  L  klir  o  o 

Uo'6  In.) 

1*1 

- 

1 7 .  7  s o 

0,000 

11 

1 20.000 

t  ,o»7 

11 .210 

0,000 

20 

360.000 

• 

17.020 

1  .  S  7  S 

11 

173.000 

1  .032 

10. 720 

1  ,  S  7  S 

11 

1U2 .OOO 

- 

l  *  .  2  7  2 

SOS 

6 

73,000 

6.  7ju 

11 .60S 

337 

S 

37,000 

• 

IS. 016 

337 

2 

19,000 

w 

21  .SOU 

6,000 

17 

330.000 

2iu 


**.192 


6.000 


16 


210,000 


w i !i_  t  iOO-hf  rtoynaHissjus 

n  r  l  w  1 1  1  *»(><>  -  la  (•  I  c  .ill  mt  i  a  a  I  (tit  <  tespl  torn  I  hr  Into  l  a  |fe  ed  r  educ  - 

l  I  oil  f  I  us  rli|!  ilim  to  m.i  i  It  |nl  oi  Anal  ,  Li  <  1 1  ehg  i  lit*  d  r  i  Vr  a  ililO 

lip  llral  -  at  n||p  mini  I  loll ,  will  til  i  a  a  apt  rat  level  gear  at! 
Il'ld-lfc  l* ,  i  I  ctaa  l  (,  and  ,'li)  .  flit  licVel  |!ear  (  Fl^nrt  *> ,  ileft 
/(>)  1 1.10  a  alir  -w.iy  o  vc  t  ruhM  i  ng  •  lulih  on  I  hr  lowrr  rh<)  wlilih 
Jrlvco  ln*o  a  lie!  iml  herringbone  pinion.  The  helli  >1  pinions 
(Figure  <• ,  lien  1(1)  «lr  1  vr  a  ‘hull"  helical  hr  rr  ingbone  gear 
(Figure  <•,  l  l  r»  <4<1).  Hr  | tear  torque  lo  split  at  thr  hull 
gear  ,  where  1  (XX)  hp  from  ruth  engine  is  l  ralismi  1 1  ciJ  lo  Ihr 
main  rotor  mast  ami  J7‘a  hp  total  is  t  ralismi  t  l  eii  to  the  a<  les¬ 
sor  irs  ami  tail  rotor  drive,  The  bull  gear  drives  the  lower 
planetary  suit  gear,  which  is  splihed  to  the  bull  gear  shaft, 

rtie  lower  planetary  stage  consists  of  a  sun  gear  (Figure  ii, 

item  *»(» ) ,  four  planetary  idlers  (Figure  i>,  it  ns  <■  a  >  in  a  "ball 
joint  carrier,  and  a  floating  ring  gear  (Figure  0,  item  7(1). 
The  lower  carrier  drives  the  up|»er  sun  gear  through  a  mating 
involute  spline.  The  upper  planetary  assembly  consists  of  a 
sun  gear  (Figure  If,  item  SG),  oi*  planetary  idlers  (Figure  If, 
Item  9G)  in  a  rigid  carrier ,  and  a  floating  ring  gear  (Figure 
h,  item  101;.  the  upper  tarrier  splines  to  and  drives  the 
■ain  rotor  mast  (Figure  <i.  Tables  VI  and  VII;  Figure  7,  Tables 
VII  and  IX;  Figure  H.  Table  X). 

The  tail  rotor  drive  sysi em  is  comprie-d  or  a  spur  gear  set 
(Figure  it,  items  11C  and  I  Iff* )  which  drives  into  a  spiral  bevel 
gear  set  (Figure  If,  item*  13(1  and  l<a(l).  flie  bevel  gear  has  a 
spur  gear  (Figure  if,  item  1SG)  mounted  on  the  outboard  end 
which  drives  the  accessory  gear  system  (Figure  6,  items  16G 

ahd  1  70  )  . 

The  oil  system  consists  of  a  cons t an t -d i splat emenl  12.5-gpm 
pump  driven  off  the  tail  rotor  drive  takeoff  spur  gear  (Figure 
>■ ,  item  11(1),  external  lines  and  internal  passages,  oil  jets, 
and  oil  manifold  sufficient  to  provide  cooling  and  lubrication 
for  all  gears  and  bearings.  Oil  jets  are  provided  for  inter¬ 
mit  lent  lubrication  of  planetary  gears  (by  virtue  of  planetary 
rotation  past  the  jets)  and  oil  into  and  out  of  mesh  on  the 
bevel  and  helical  gears.  Hearings  are  lubricated  by  oil  flow¬ 
ing  from  passages  in  t lie  housing  into  annuli  around  the  bear¬ 
ings,  and  finally  into  the  bearings  via  ground  slots  between 
the  bearings,  or  simply  by  Jets  into  the  bearings.  External 
lines  are  used  to  carry  rite  oil  from  the  pump  to  a  10-micron 
full-flow  filter,  then  »  i  the  oil  cooler,  and  finally  to  ibe 
transmission  oil  manifold.  The  oil  filler,  cooler,  and  cooling 
fan  wid  be  mounted  on  the  transmission  and  hence  require  no 
flexible  hoses  to  accommodate  relative  motion  between  airframe 
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»nd  I  I  itiami  a  a  i  on  ,  flic  oil  i  mil  ing  (  .ilt  i  a  ttioul  I  *••)  oil  I  lx*  u<  - 
•  t-aaniy  drive  alnl  I'rita.  title  operational  ill  I  hr  i-vrlil  ol  a  ingle 
r  tig  il  t?  o|m- I  n *  i  Oil . 

Hr  t  I  ilium  i  a  o  i  on  i  .it)  e  a  Jlr  I ahr i <  at  ed  f  I'urt  •  uni  ma  glie  a  1  iim  w  i  l  ti 
lie  exception  of  the  n  1  om  1  Hum  a  pat  e  f  i  a  ae  ,  wh  1 1  li  t  >  o  I  a  e  a  I  He 
f  >  I  iilir  I  uly  liny  y’e. 1 1  iilol  I  He  eup|M)l  t  <aae  wli  ( i  H  nil  m  lira  lo  I  He 
airframe.  file  melHo<1  of  mounting  I  lie  ring  gear  |>roviilea  rad  i  <• ! 
i  i*m(il  ( nine  for  l  tie  ring  gear,  ali«i  Heine  relative  motion  lielweeli 
gear  aln!  a|illne  Oicuro  at  l  Hr  planet  a  orbit  inaiile  l  He  ring 
gear.  file  felat  ive  mot  ion  with  aaaoi  iateil  Weal'  potent  ial  pre- 
<1  idea  the  one  of  magnesium  aitue  magneaium  rxhihila  little 
Wear  reaialalue  for  tbia  a  pp  t  ( i  a  t  i  on  ,  flie  oar  of  aluminum 
alloy,  However,  lompietely  eliminated  tbia  wear  problem. 

Canting  geometry  an«l  volume  are  necessarily  tHc  name  lor  eat  b 
fHO  perioil  ileaignn  for  t'c  ipuruHle  l  r  all  am  i  n  a  i  on  inara  ma'le  I  r«*m 
alominum  anil  maglienium,  Tbr  wail  t  H  i  t  kite  a  ae  a  ,  tiatiaitioti  ge¬ 
ometry,  atnl  n rui'tui  .tl  propor  l  i  on  ing  are  an  required  lit  pro- 
vlije  a<lei|Uate  il  i  melin  i  on  a  1  CO;'m  i  n  l  rtu'  y  ,  rail  iograpb  i  t  ip'ality, 
atnl  gear  mount  ing  rigidity,  renpet  t  i  vr  1  y .  fhr  ililleleliie  iti 

modu  lii  of  elasticity  in  c  Otis  i  dr  red  innulliiietif  lo  allow  nr t  - 
tion  cHatigea  in  an  attempt  to  adjuat  alight  rigidity  thaliges 
from  maglienium  to  aluminium,  ea|NM.  ial  ly  iti  complex  tliin  Wall 

t  an  I  ilign  , 

ruis  .800 -HP  fKAh-MIS.SlOh 

Hie  twin  <*H00-l  p  engine  »  lrive  tHe  da  I  ti  t  lati  am  i  a  a  i  on  t  lit  ougti 
identical  engine  reilut  l  ion  gearboxes,  Wtii'b  are  (counted  oil 
oppoaile  aides  of  t  lie  transmission  main  tanr,  Dig  i  tie  out  Hit 
speed  in  reduced  through  tbia  engine  reduc'  ion  gearbox  b)  a 
<7;99  ratio  npiral  bevel  gear  art  (Figure  9  ,  ilema  10  and  -’(I). 
Hi#  gear  set  drives  the  main  Bpil  il  bevel  input  pinion  t  Hrougl 
an  overrunning  clutch.  fbe  main  input  pinions  (Figure  V,  item 
JC.l  independently  drive  l  be  “bull  npiral  bevel  gear  (Figure 
9,  item  4fii  A ' ) .  (lie  combined  twit  -engine  power  in  t  Hen  trans¬ 
mitted  from  tbia  (>oini  to  the  main  rotor  through  two  fixed- 
ring,  nun  -  input /carr ier -out  put  spur  gear  planetary  driven  of 
3.H75:1  ratio  each  (Figure  9,  fables  XI  and  XII;  Figuie  10, 
fables  XI 11  and  XIV;  Figure  11.  Table  XV. 

The  shaft  of  the  main  input  bevel  gear  (Figure  9,  Item 
is  splined  to  the  sun  gear  of  the  lower  planetary  stage.  The 
lower  *un  gear  (Figure  9,  item  V.  drives  four  planet  idler 
gears  inside  a  fixed  ring  gear  (Figure  9,  item  7»; » .  The  gear 
loads  are  transmitted  from  the  planet  it.lern  (Figure  9,  item 
HO)  to  the  carrier  platrs,  which  !*•  turn  transmit  t  lie  loads  to 


t tic  attaching  bolts  of  t tie  spherical  ball  bearings  In  the 
spider.  The  spider  has  tour  legs  equally  spared  in  which  the 
spherical  ball  bearings  are  fitted.  The  spider  drives  the 
upper  planetary  sun  gear  (Figure  9,  Item  8G)  through  an  In¬ 
volute  spline. 

The  upper  planetary  sun  gear  drives  six  planetary  idler  gears 
(Figure  9,  item  9G)  Inside  a  fixed  ring  gear  (Figure  9,  Item 
100).  The  idler  gears  are  mounted  In  a  rigid  carrier  which 
transmits  power  to  the  main  rotor  mast  through  an  involute 
spline . 

Tiie  tail  rotor  and  accessory  drive  power  Is  split  from  t tic 
main  spiral  bevel  gear  (Figure  9,  Item  40(A))  by  a  spiral 
bevel  pinion  (Figure  9,  Item  HG)  at  a  90’  shaft  angle.  The 
tail  rotor  shaf t lug  is  driven  by  using  a  curvic  face  coupling 
splined  to  the  pinion. 

The  accessories  are  driven  by  a  spur  gear  (Figure  9,  Item  12G) 
mounted  on  and  driven  by  tiie  spirul  bevel  pinion  (Figure  9, 
item  Hr.').  The  accessory  drive  consists  of  two  56/48  to  >th 
spur  clusters  (Figure  9,  items  130(A)  and  130(B)),  driven  by 
the  accessory  spur  gear .  for  ttu*  twin  generator  drives.  Each 
spur  pinion  drives  a  spur  gear  (Figure  9.  item  14G)  for  the 
hydruu lie  pump  drives. 

Tbe  oil  system  components  consist  of  a  JO-gallon-capacity 
gravity  return  and  externally  finned  wet  sump,  a  70-gpm  oil 
pump  driven  by  an  offset  spur  gear  (Figure  9,  item  150)  on  the 
lower  end  of  the  main  bevel  gear  shaft,  a  two-phase  filter 
system  consisting  of  a  coarse  filter  screen  and  a  10-micron 
filter,  an  external  oil  cooler,  a  bypass -type  pressure  limit¬ 
ing  valve,  internal  oil  passages,  externally  removable  oil 
Jett,  and  associated  tubing,  fittings,  and  monitoring  devices. 

The  oil  is  drawn  into  the  pump  through  the  coarse  filter 
screen  directly  from  the  sump  and  routed  out  the  front  of  the 
transmission  main  case  to  the  oil  ^ooler  and  the  10-micron 
filler  and  then  back  to  the  transmission  main  case  supply 
manifold.  A  system  of  internal  oil  passages  in  the  main  case 
carries  oil  to  the  bearings  and  jets,  which  sprays  gear  meshes 
and  lower  case  roller  bearings.  Jet  sprays,  fed  by  rigid  ex¬ 
ternal  oil  lines,  supply  lubrication  to  the  top  case  bearings 
and  planetary  meshes  at  I  bearings.  Sight  glasses  are  provided 
in  the  main  case  and  sump  for  high  and  low  oil  level  observa- 
t  ion . 

The  transmission  up|>er  case  houses  the  main  rotor  mast  thrust 
bearing,  which  transfers  lift  from  the  rotating  main  rotor  to 
the  upper  case.  The  upper  case  is  attached  to  an  intermediate 
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case ,  which  has  three  external  cast-on  lugs  for  mounting  the 
transmission  assembly  and  transmitting  lift  to  the  airframe. 
The  main  case  houses  the  lower  main  rotor  mast  bearing,  which, 
with  the  upper  bearing,  provides  a  moment  restraint  to  trans¬ 
mit  radial  (bending)  mast  loads  through  the  transmission 
housing  and  into  the  airframe. 
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GEARS 


Item  No. 
1G 
2G 
3G 
4G 
5G 
60 
7G 
8G 
9G 
LOG 
IIG 
I2G 
L3G 
14g 
15G 
L6G 
I7G 


Name 

Input  Spiral  Bevel 
Input  Spiral  Bevel 
Herringbone  Pinion 
Herringbone  Gear 
Lower  Sun  Gear 
Lower  Planet  Plnloi 
Lower  Ring  Gear 
Upper  Sun  Gear 
Upper  Planet  Pinloi 
Upper  Ring  Gear 
Offset  Spur  Pinion 
Offset  Spur  Gear 
Sump  Bevel  Pinion 
Sump  Bevel  Gear 
Accessory  Spur  Pin: 
Accessory  Spur  Idli 
Accessory  Spur  Gem! 


BEARINGS 
Item  No. 

IB 


Name 


Input  Pinion  Roll* 
Size  207 


2B 

3b 

4b 


Input  Pinion  Bail 
Size  7210 


Input  Gear  Roller 
Size  1914 


Input  Gear  Ball 
Size  7014 


. . . iitiiflaaiiaiaiM .  ■■ . aauKiiaiiiliii 


Name 

10 

Input  Spiral  Bevel  Pinion 

20 

Input  Spiral  Bevel  Otar 

30 

Herringbone  Pinion 

40 

Herringbone  Gaar 

SO 

Lower  Sun  Gaar 

60 

Lower  Planet  Pinion 

70 

Lower  Ring  Gear 

80 

Upper  Sun  Gear 

9G 

Upper  Planet  Pinion 

.00 

Upper  Ring  Gear 

.10 

.20 

Offset  Spur  Pinion 

Offset  Spur  Gear 

.30 

Sump  Bevel  Pinion 

,40 

,9G 

Sump  Bevel  Gear 

Accessory  Spur  Pinion 

,60 

,7G 

Accessory  Spur  Idler 

Accessory  Spur  Gear 

BEARINGS 

M  No. 

Name 

I  IB 

Input  Pinion  Roller 

Sire  207 

F 

Input  Pinion  Ball 

Size  7210 

[  3B 

Input  Gear  Roller 

Size  1914 

:4B 

Input  Gear  Ball 

Size  7014 

H££_B2j. 

Name 

SB 

Herringbone  Pinion  Roll# 
Site  1914 

68 

Herringbone  Gear  Roller 
204-046-271 

78 

Lower  Planet  Roller 

204 -040 -72 5/ -13 2 

88 

Upper  Planet  Roller 
S63-040-112/-113 

98 

Hast  Ball  205-040-165 

108 

Hast  Roller  563-040-270 

118 

SIT  Spur  Gear  Roller 

165  x  16 i  33  -  ll  x  ll 

12B 

35T  Spur  Pinion  Roller 
Size  206;  13  -  9  x  ll 

138 

Pinion  Roller  Site  208 

14B 

Pinion  Ball  Size  7212 

15b 

Gear  Roller  Size  211 

16b 

Gear  Ball  Size  7210 

17b 

34T  acc.  Drive  Roller 
Size  1004 

18B 

39T  Acc.  Drive  Idler 
Roller  Size  1905 

19B 

34T  Acc.  Drive  (Single 
Hesh)  Roller  Size  1906 

20B 

Upper  Planetary  Support 
Ball  563-040-120 

21B 

Lower  Planetary  Support 
Ball  563-040-120 

22B 

Herringbone  Gear  Support 
Ball  Size  140  x  165 

23B 

Freewheeling  Roller 

Size  1009 

Oil  PJBp 


r 


Shaft  Adapter 

SCCT/w  i; 

Figure  6  -  Continued. 
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r 

TAHLK  VI  . 

SUMMARY  OK  BEARING 

LOAOS  A!ib  LIVES 

-  1200  MOV 

■»i  Nun  i  7  «  4  i  f  i  e  nui  mrr  t-s-rss 

«»si»winuiuui  < 
Loading 
Radial 

in  •  u  -  c  irsinruniujau 
•  Bearing  Lll 

Moment  Hour*  ] 

Item 

Bearing 

Axial  fib) 

(in. -lb) 

.  AiQ.!  J 

IB 

Input  Pinion  Roller 
•Size  207 

916 

- 

9 . 080 

2B 

Input  Pinion  Bull 

Size  7210 

372  326 

125 

2.8*4 

3B 

Input  Gear  Roller 

Size  1914 

603 

- 

93 , 304 

4B 

Input  Gear  Ball 

Size  7014 

490  648 

329 

3.311 

5B 

Herringbone  Pinion  Roller 

Size  1914 

1,652 

- 

2  .930 

6B 

Herringbone  Gear  Roller 

204 -040 -2 71 

L  ,652 

- 

32,954 

7B 

Lower  Planet  Roller 

204 -040 -72 5/ -13 2 

2,025 

- 

4,592 
( M-50) 

8B 

Upper  PLanet  Roller 
563-040-112/ -113 

4,660 

- 

2,684 

9B 

Mast  BalL 

205-040-165 

5,176  2,036 

3,272 

10,588 

LOB 

Mast  RoLLer 

563-040-270 

2,668 

- 

46,037 

LIB 

51T  Spur  Gear  Roller 

165  x  16;  33  -  11  x  11 

1,125 

- 

71,591 

12B 

35T  Spur  Pinion  Roller 

Size  206;  13  -  9  x  11 

1,125 

- 

2,974 

L3B 

Pinion  Roller 

Size  208 

1,520 

* 

5,934 

- . 

51 
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3  LOADS  A!tu  UVE.S  -  I200-IIOUM  T30,  TVl.I  1500  Iff 


*11 .1 : 

r 

l_ _ 

:  u  :  sirs:” 

Moment 

U_i». 

"  «  Ji  1  i  >  *#■«  *  *  * 

Hearing  Lire 
Mourn 

_ y,Q  _! _ 

T!  si  s  s  rs 

_ KI'M  _  . 

s  is:s»  :v:  sjssjwth 
M. Mlaiw  riTai 

T*  tic,  4  dm  • 

(_l_u In . ) _ 

su:  u  m  i  s:i:  rwrs 

_ UN . . 

L6 

■ 

9 .080 

2  4 .  O  JO 

43 

840,000 

16 

2  5 

2  ,844 

24 .000 

58 

1 ,200 ,ooo 

JS 

- 

98.304 

11.871 

37 

830,970 

MS 

329 

3,311 

11.871 

41 

830,970 

U 

- 

2  .930 

11,871 

3  i 

830,970 

|2 

- 

32,964 

3,011 

22 

361,320 

13 

- 

4,592 
( M-59) 

3,743 

11 

131,005 

ko 

- 

2,684 

808 

5 

44,440 

16 

3,272 

L0.588 

2  52 

14 

27,720 

i 

- 

46,037 

252 

3 

24,192 

5 

- 

71,591 

3,011 

7 

361,320 

15 

2,974 

4,387 

15 

131,610 

5,934 


4,387 


6 


175,480 


tabu:  vi 

Con  t  i  nuc<J 

Hearing  l 
.‘lours 
1.10  • 

I  lem 

Bca£j  ll£_ 

Axial 

Loading  • 
Radial 
...  Util 

Moment 
(in. -lb) 

14B 

Pint  on  Ball 

Size  7212 

1  .643 

H2  7 

800 

3.278 

15B 

Gear  Roller 

Size  211 

- 

3,407 

- 

3.3)8 

16B 

Gear  Ball 
i i z  c  7210 

504 

670 

28  6 

4,336 

L  78 

34T  Accessory  Drive 

Roller  Size  1004 

- 

498 

- 

4.822 

IBB 

39 T  Accessory  Drive  Idler 

Roller  Size  1905 

- 

498 

- 

2,916 

L9B 

34T  Accessory  Drive 

(Single  Mesh)  Roller  Size  1906 

- 

314 

- 

17,562 

2  OB 

Upper  Planetary  Support  Ball 
563-040-120 

- 

- 

- 

3,289,000 

21B 

Lower  Planetary  Support  Ball 
563-040-120 

- 

- 

- 

512,260 

2  2B 

Herringbone  Gear  Support  Ball 

Size  140  x  165 

- 

- 

- 

91,645 

23B 

Freewheeling  Roller 

Size  1009 

- 

- 

- 

j 

*  65%  -  Items  l  through  10 

75%  -  Items  11  through  19 
100%  -  Items  20  through  23 
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tAHl,K  VI  Cuui  imieil 

Hcarinj!  Lffe 
Ho«*nt  :  lours 


“Wi  n  ("man  FfTm 
riii  i  k i it-  &  o 


(in. -lb) 

UO  • 

ki'M 

1 10 In.) 

UN 

800 

3.2  7ii 

9.3H7 

8 

263.220 

- 

3.3)8 

*4,150 

2  3 

228,250 

28  5 

*4,336 

*4 . 1  50 

7 

207,500 

- 

<4  ,822 

*4,150 

20 

83,000 

- 

2  ,91.6 

3,618 

10 

90,450 

- 

17,562 

4,150 

22 

124,500 

- 

3,280,000 

723 

13 

57,840 

- 

5L2.260 

2,036 

15 

210,770 

- 

91,645 

3,011 

15 

210,770 

- 

- 

- 

- 

- 

TABLE  VI  1  . 

summary 

OP  FUNCTIONAL 

(.EAR  DATA  - 

1  tern 
No . 

Item 

HP 

Tanged  1 1  al 

Lead 

(lb) 

Diame  t  ral 
Pilch 

Number 

of 

Teeth 

Paw 

Width 

(in.) 

KPM 

Pitch  Line  1 

Ve  1 ot i  l  y 
(fl/min) 

LG 

Input  Spiral 
Bevel  Pinion 

1  , 500 

1,926 

l e . ooo 

46 

1.200 

24  ,000 

28  ,903 

2G 

Input  Spiral 
Bevel  Gear 

1  .  500 

1,926 

10.000 

93 

1.200 

ll .871 

28 ,903 

3C 

Her  ring  bone 
Pinion 

l  .  500 

4,631 

10.176 

35 

.906 

11,871 

10,689 

4G 

Herringbone 

Gca  r 

1,500 

4,631 

10.176 

138 

.906 

3,011 

10,689 

5G 

Lower  Sun  Gear 

2,000 

3,121 

8.500 

57 

l  .450 

3,011 

- 

6G 

Lower  Planet 
Pinion 

With  Sun  Gear 
With  Ring 

Gea  r 

2,000 

2,000 

3,121 

3,121 

8.500 

8.500 

31 

31 

1.430 

1.430 

3,743 

3,743 

3,574 

3,574 

7G 

Lower  Ring  Gear 

2,000 

3,121 

8.500 

119 

1.200 

- 

- 

8G 

Upper  Sun  Gear 

2  ,000 

6,998 

7.79  6 

48 

2.26 

975 

- 

9G 

Upper  Planet 
Pinion 

Wit  h  Sun  Gea  r 
With  Ring 

Gear 

2,000 

2,000 

6,998 

7,305 

7.796 

8.138 

43 

43 

2.26 

2.26 

808 

808 

1,165 

1,118 

10G 

Upoer  Ring  Gear 

2,000 

7,305 

8.138 

138 

1.737 

- 

- 

11G 

Offset  Spur 
Pinion 

375 

2,760 

8.958 

35 

1.600 

4,387 

4,487 

• 

f: 

55 


4 


10?. AL 

OKAR  UATA 

-  1200-HOUR 

riio,  run; 

1500  HP 

■ 

PI  ich  Line 
Ve  1  oc  i  t  y 
( f l/mln) 

Temp*  rot  ure  Be  ltd  I  ng 

Ribc  Stress 

<°F)  (pul) 

ComptchK 1  ve 
St  res* 

(ii«n 

UTO  Film 

Thickness 
(lit.  x  10-6) 

Average 
Power  Loss 
(Up) 

Number 

of 

Mexlii!  b 

1,000 

28 ,903 

168 

24,327 

156,700 

750 

3.975 

2 

1,871 

28.903 

168 

24,429 

156,700 

7  50 

3.975 

2 

i»87  L 

10,089 

81 

52 .053 

121,964 

95 

.866 

2 

1,011 

10,689 

81 

46,139 

121  ,964 

95 

.866 

2 

1,011 

1 

- 

83 

40,606 

169,699 

24 

.695 

4 

,743 

3,574 

83 

44,902 

169,699 

24 

.695 

,743 

3,574 

28 

45,481 

169,224 

29 

.462 

“ 

- 

- 

28 

47,259 

169 ,224 

29 

.462 

4 

975 

- 

74 

49 ,928 

169,940 

15 

.662 

6 

808 

1,165 

74 

56,993 

169 ,940 

15 

.662 

803 

1,118 

33 

54,329 

169,994 

16 

.636 

- 

- 

33 

71,333 

169,994 

16 

.636 

6 

,38  7 

4,487 

86 

37,421 

146,799 

31 

.661 

1 

TABLE 

vii  -  Cal 

I  tern 
No. 

Item 

HP 

Tungen  t iul 
Load 
(lb) 

Diame  tral 
Pitch 

Number 

of 

Teeth 

Face 

Width 

(in.) 

■gnaw* 

WBns. 

L2G 

Offset  Spur 
Gear 

375 

2,760 

8.958 

51 

1 . 600 

3,011 

4  ,  40  7! 

L3G 

Sump  Bevel 

Pf  ni on 

375 

2,580 

7.000 

35 

1.200 

4,387 

5,743 

14G 

Sump  BcvcL 
Gear 

375 

2,580 

7.000 

37 

1.200 

4,150 

5,743 

1SG 

Accessory 

Spur  Pinion 

100 

895 

10.000 

34 

.520 

4,150 

3,694 

L6G 

Accessory 

Spur  Idler 

LOO 

895 

10.000 

39 

.520 

3,618 

3,6941 

L7G 

Accessory 

Spur  Gear 

LOO 

895 

10.000 

34 

.520 

4,150 

jj^^l 

i 
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UJLE  VII  -  Continued 


t 


ItPM 

Pitch  Line 
Velocity 
(ft/m in) 

Temperature 

Rise 

(°F) 

Bending 

Stress 

(psi) 

Compressive 

Stress 

(psi) 

EHD  Film 
Thickness 

(in.  x  10"6) 

Average 
Power  Loss 
(hp) 

Number 

of 

Meshes 

,011 

4,407 

06 

37,421 

146,799 

31 

.661 

1 

,387 

5,743 

91 

32,600 

203,600 

750 

1.185 

1 

,150 

5,743 

91 

32,700 

203,600 

750 

1.185 

1 

,150 

3,694 

89 

40,513 

166,981 

25 

.229 

1 

,618 

3,694 

89 

39,716 

166,981 

25 

.229 

2 

,150 

3,694 

89 

40,513 

166,981 

25 

.229 

1 

Oil  Pressure  Regulator 


Oil  Filler  Cap 


Figure  7 


Twin  1500-HP  Transmission,  3000-Hour  T30 


GEARS 


Name 

Input  Spiral 

Input  Spiral 

] 

Herringbone 

Herringbone 


Item  No 


Lower  Planet 


Lower  Ring  ( 


Upper  Sun  G| 
Upper  Planet 

Upper  Ring  ( 

] 

Offset  Spurj 
Offset  Spur] 
Sump  Bevel  I 
Sump  Bevel  i 


Accessory 


Accessory  S| 


BEARINGS 


Item  No 


Name 


Input  Pinii 
Size  208 


Input  Pinii 
Size  7211 


Input  Gear 
Size  1913 


SECTION  A-A 


Input  Gear 
Size  7212 


GEARS 


BEARINGS  -  Continued 


p  No. 

Name 

Item  No. 

Name 

LG 

Input  Spiral  Bevel  Pinion 

SB 

Herringbone  Pinion 

Roller  Size  1014 

2G 

3g 

Input  Spiral  Bevel  Gear 

Herringbone  Pinion 

6B 

Herringbone  Gear 

Roller  204-040-271 

4g 

Herringbone  Gear 

7b 

Lower  Planet  Roller 
204-040-725/ -132 

5G 

6g 

Lower  Sun  Gear 

Lower  Planet  Pinion 

8B 

Upper  Planet  Roller 
563-040-112/-113 

7G 

Lower  Ring  Gear 

9B 

Mast  Ball  205-040-165 

;8G 

Upper  Sun  Gear 

10B 

Mast  Roller  563-040-270 

9G 

Upper  Planet  Pinion 

llB 

51T  Spur  Gear  Roller 

165  x  16;  33  -  11  x  11 

,0C 

|1G 

Upper  Ring  Gear 

Offset  Spur  Pinion 

12B 

35T  Spur  Gear  Roller 

Size  206;  13  -  9  x  11 

12G 

Offset  Spur  Gear 

13B 

Pinion  Roller  Size  208 

L3G 

Sump  Bevel  Pinion 

14B 

Pinion  Ball  Size  7211 

Lug 

Sump  Bevel  Gear 

15b 

Gear  Roller  Size  1016 

Isg 

Accessory  Spur  Pinion 

16B 

Gear  Ball  Size  7211 

L6G 

P 

Accessory  Spur  Idler 

17b 

34T  Acc.  Drive  Roller 
Size  1005 

,7G 

Accessory  Spur  Gear 

18B 

39T  Acc.  Idler  Roller 
Size  1005 

BEARINGS 

Ift  No. 

Name 

19B 

34T  Acc.  Drive  (Single 
Mesh)  Roller  Size  1005 

LB 

Input  Pinion  Roller 

Size  208 

20B 

Upper  Planetary  Support 
Ball  563-040-120 

2B 

Input  Pinion  Ball 

Size  7211 

2  IB 

Lower  Planetary  Support 
Ball  563-040-120 

3B 

Input  Gear  Roller 

Size  1913 

22B 

Herringbone  Gear  Support 
Ball  Size  140  x  165 

4b 

Input  Gear  Ball 

Size  7212 

23B 

Freewheeling  Roller  Size 
1009 

VIEW  E-E 


From  Manifold 


To  R.H.  Input  Quill 


\ 


VIEW  C-C 


SECTION  D-D 


TABLE  VIII . 

SUMMARY 

OF  BEARING 

LOADS  AND 

LIVES  - 

Item 

Bearing 

Axial 

Loading  * 
Radial 
(lb) 

Moment 
(in. -lb) 

Bear  it 
Hot 
Ll( 

IB 

Input  Pinion  Roller 

Size  208 

- 

913 

- 

n, 

2B 

Input  Pinion  Ball 

Size  7211 

371 

321 

140 

6,1 

29,1 

3B 

Input  Gear  Roller 

Size  1913 

- 

604 

- 

4B 

Input  Gear  Ball 

Size  7212 

620 

621 

299 

6,1 

5B 

Herringbone  Pinion 

Roller  Size  1014 

- 

1,660 

- 

« 

6B 

Herringbone  Gear  Roller 
204-040-721 

- 

1,649 

- 

32,1 

7B 

Lower  Planet  Roller 

024-040-725/ -132 

- 

2,269 

- 

10, | 

8B 

Upper  Planet  Roller 

563-040-112/ -113 

- 

10,427 

- 

5, 

9B 

Mast  Ball 

205-040-165 

5,176 

2,035 

3,272 

10,! 

10B 

Mast  Roller 

563-040-2  70 

- 

2,668 

- 

46  ,(| 

LIB 

51T  Spur  Gear  Roller 

165  x  16;  33  -  11  x  11 

- 

1,125 

- 

71, J 

12B 

35T  Spur  Gear  Roller 

Size  206;  13  -19  x  11 

- 

1,125 

- 

M 

13B 

Pinion  Roller 

Size  203 

“ 

1,190 

i4, a 

i 

\ 

] 

I 
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3000-HOUR  TBO ,  TWIN  1500  HP 


Baring  loads  and  lives  - 


mmbm 

«  p  fcf  ^ 

* 

Moment 
(in. -lb) 

Bearing  Life 
Hours 

L10  * 

RPM 

Minimum  Film 
Thickness 
(10-6  in.) 

DN 

913 

- 

11,824 

24,000 

47 

960,000 

E 

321 

140 

6,896 

24,000 

65 

1,320,000 

604 

- 

29 ,072 

11,871 

33 

771,615 

[ 

621 

[ 

,660 

299 

6,496 

11,871 

42 

712,260 

- 

8,583 

11,871 

38 

830,970 

,649 

- 

32,964 

3,011 

22 

361,320 

,269 

- 

10,128 

3,743 

11 

121,005 

,427 

- 

6,048 

808 

5 

44 , 440 

,036 

3,272 

10,588 

252 

4 

27,720 

,668 

- 

46,037 

252 

3 

24,192 

.125 

- 

71,591 

3,011 

22 

361,320 

,125 

- 

5,870 

4,387 

10 

131,610 

,190 

- 

14,870 

4,387 

13 

175,480 

1 

L 

TA3LE  VIII 


-  Contij 

EoacTTng  *  Bear! 

Radial  Moment  Hi 


I  tem 

Bearing 

Axial 

(lb) 

(in. -lb) 

_  L 

I4B 

Pinion  Ball 

Size  7211 

846 

636 

478 

I5B 

Gear  Roller 

Size  1016 

- 

3,427 

- 

I6B 

Gear  Ball 

Size  7211 

525 

687 

317 

I7B 

34T  Accessory  Drive  Roller 

Size  1005 

- 

463 

- 

J 

18B 

39T  Accessory  Idler  Roller 

Size  1005 

- 

463 

- 

I9B 

34T  Accessory  Drive 

(Single  Mesh)  Roller  Size  1003 

- 

314 

- 

2 

20B 

Upper  Planetary  Support  Ball 
563-040-120 

95 

- 

- 

3,28i 

21B 

Lower  Planetary  Support  Ball 
563-040-120 

129 

- 

- 

5L 

223 

Herringbone  Gear  Support  Ball 

Size  140  x  165 

169 

- 

- 

9 

23B 

Freewheeling  Roller 

Size  1009 

- 

*  65%  - 

7"  ~  - 
100%  - 

Items  1  through  10 

Items  11  through  19 

Items  20  through  23 
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TABLE  VIII 


Continued 


1 1  EfTTM.  1 
■■Effigy 
1"  * 

Moment 
(in. -Ib) 

Bearing  Life 
Hours 

LIO  * 

RPM 

Minimum  Film 
Thickness 
(10"°  in.) 

DN 

636 

478 

5,170 

4,387 

18 

241,285 

j 

,427 

| 

- 

8,968 

4,150 

20 

332,000 

687 

317 

6,774 

4,150 

17.5 

228,250 

463 

- 

5,503 

4,150 

7.5 

103,750 

463 

- 

6,324 

3,618 

6.8 

90,450 

314 

- 

21,133 

4,150 

7.7 

103,750 

- 

- 

3,230,000 

723 

5 

57 ,840 

- 

5L2.260 

2,036 

8 

162,880 

:.  - 

- 

91,645 

3,011 

12 

210,770 

^jjy, 


TABLE  IX  . 

SUMMARY  OF  FUNCT 
TWIN  1500  HP,  30 

V 

Item 

No. 

Item 

HP 

Tangential 

Load 

(lb) 

Diame  tral 
Pitch 

Number 

of 

Teeth 

Face 
Wid  th 
(in.) 

RPM 

Pitch  Line 
Velocity  > 
(ft/m in) 

1 G 

Input  Spiral 
Bevel  Pinion 

1,500 

1,926 

10.000 

46 

1.200 

24,000 

28,903  ’ 

\ 

2G 

Input  Spiral 
Bevel  Gear 

1 , 500 

1,926 

10.000 

93 

1.200 

11,871 

28,903  \ 

3G 

Herringbone 

Pinion 

1,500 

4,631 

10.176 

35 

.906 

11,871 

10,689  : 

4G 

Herringbone 

Gear 

1,500 

4,631 

10.176 

138 

.906 

3,011 

10,689  i 

*. 

5G 

6G 

Lower  Sun  Gear 

Lower  Planet 
Pinion 

2,000 

3,121 

8.500 

57 

1.596 

3,011 

j 

With  Sun 

Gear 

2,000 

3,121 

8.500 

31 

1.596 

3,743 

3,574  ; 

With  Ring 

Gear 

2,000 

3,121 

8.500 

31 

1.596 

3,743 

3,574  1 

7G 

Lower  Ring 

Gear 

2,000 

3,121 

8.500 

119 

1.356 

- 

- 

8G 

9G 

Upper  Sun  Gear 

Upper  Planet 
Pinion 

2  ,000 

6,998 

7.796 

48 

2.529 

975 

— 

With  Sun 

Gear 

2  ,000 

6,998 

7.796 

43 

2.529 

808 

1,165  ; 

With  Ring 

Gear 

2  ,000 

7,305 

8.138 

43 

2.529 

808 

1,118  ; 

LOG 

Upper  Ring 

Gear 

2, 000 

7,305 

8.138 

138 

1.944 

- 

- 

LLG 

Offset  Spur 
Pinion 

375 

2,760 

8.958 

35 

1.600 

4,387 

4,487  I 

SUMMARY  OF  FUNCTIONAL  GEAR  DATA, 

WIN  1500  HP,  3000-  AND  6000-HOUR  TBO 


fe 


r— 

RPM 

Pitch  Line 
Velocity 
(ft/min) 

Tempe  rature 
Rise 
(  °F) 

Bending 

Stress 

(psi) 

Compressive 

Stress 

(psi) 

EHD  Film 
Thickness 
(in.  x  10"6) 

Average 
Power  Los  s 
(hp) 

Number 

of 

Meshes 

!  24,000 

28,903 

168 

24,327 

156,700 

750 

3.975 

2 

11,871 

28 ,903 

168 

24,429 

156,700 

750 

3.975 

2 

11,871 

10,689 

81 

52,053 

121,964 

95 

.866 

2 

3,011 

10,689 

81 

46,139 

121,964 

95 

.866 

2 

3,011 

- 

80 

36,890 

160 ,631 

25 

.709 

4 

3,743 

3,574 

80 

40,232 

160,631 

25 

.709 

. 

3,743 

3,574 

26 

40,742 

160 ,630 

28 

.469 

- 

; 

- 

26 

41,822 

160,630 

28 

.469 

4 

975 

- 

70 

44,618 

160,647 

15 

.671 

6 

808 

1,165 

70 

50,878 

160,647 

15 

.671 

- 

808 

1,118 

32 

49  ,026 

160,642 

16 

.655 

- 

- 

- 

32 

63,719 

160,642 

16 

.655 

6 

;  4,387 

4,487 

86 

37,421 

146,799 

31 

.661 

1 

% 


em 

I 


Tangential 

Number 

Face 

Load 

Diametral 

of 

Widt 

HP  (lb) 

Pitch 

Teeth 

( in . 

Offset  Spur 

Gear 

375 

2,760 

3.958 

51 

1.600 

3 

Sump  Bevel 

Pinion 

37  5 

2 ,580 

7.000 

35 

1.200 

4 

Sump  Bevel  Gear 

375 

2,580 

7.000 

37 

1.200 

4 

Accessory  Spur 
Pinion 

100 

395 

10.000 

34 

.520 

4 

Accessory  Spur 
Idler 

100 

89  5 

10.000 

39 

.520 

3 

Accessory  Spur 

100 

895 

10.000 

34 

.520 

4 

Preceding  page  blank 


TABLE  IX 


_ 

Item 

No. 

Item 

HP 

Tangential 

Load 

(lb) 

Diametral 

Pitch 

Number 

of 

Teeth 

Face 
Width 
(in.  ) 

Pi 

V 

RPM 

I2G 

Offset  Spur 

Gear 

375 

2,760 

3.958 

51 

1.600 

3,011 

13G 

Sump  Bevel 

Pinion 

37  5 

2,580 

7.000 

35 

1.200 

4,387 

I4G 

Sump  Bevel  Gear 

375 

2,580 

7.000 

37 

1.200 

4,150 

15G 

Accessory  Spur 
Pinion 

100 

895 

10.000 

34 

.520 

4,150 

16G 

Accessory  Spur 
Idler 

100 

89  5 

10.000 

39 

.520 

3,618 

I7G 

Accessory  Spur 
Gear 

100 

895 

10.000 

34 

.520 

4,150 

t 


Preceding  page  blank 
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TABLE  IX  -  Continued 


RPM 

Pitch  Line 
Velocity 
(ft/min) 

Tempe  rat  u  re 
Rise 
(  °F) 

Bending 

Stress 

(psi) 

Compress ive 

S  t  re  ss 
(psi) 

EHD  Film 
Thickness 
(in.  x  10-6) 

Average 
Powe  r  Los  s 
(hp) 

Number 

of 

Meshes 

3,011 

4,48  7 

86 

31,941 

146,799 

31 

.661 

1 

4,387 

5,743 

91 

32,600 

203,600 

750 

1.185 

1 

4,150 

5,743 

91 

32, 700 

203,600 

750 

1.185 

1 

4,150 

3,694 

89 

40,513 

166,981 

25 

.229 

1 

3,618 

3,694 

89 

39 ,716 

166,981 

25 

.229 

2 

4,150 

3,694 

89 

40,513 

166,981 

25 

.229 

1 

GEARS 


Item  No. 

Name 

1G 

Input  Spir-'  Bevel  Pinion 

2G 

Input  Spiral  Bevel  Gear 

3g 

Herringbone  Pinion 

4G 

Herringbone  Gear 

5G 

Lower  Sun  Gear 

6G 

Lower  Planet  Pinion 

70 

Lower  Ring  Gear 

8G 

Upper  Sun  Gear 

9G 

Upper  Planet  Pinion 

IOG 

Upper  Ring  Gear 

lie 

Offset  Spur  Pinion 

12G 

Offset  Spur  Gear 

no 

Sump  Bevel  Pinion 

14© 

Sump  Bevel  Gear 

15G 

Accessory  Spur  Pinion 

16C 

Accessory  Spur  Idler 

I7G 

Accessory  Spur  Gear 

BEARINGS 

Item  No. 

Name 

IB 

Input  Pinicn  Roller 

Sise  207 

2B 

Input  Pinion  Ball 

Sise  7210 

3» 

Input  Gear  Roller 

Sise  1914 

4B 

Input  Gesr  Ball 

SUe  7014 

BEARINGS  -  Continued 


Name 

Item  No. 

Name 

Input  Spiral  Bevel  Pinion 

SB 

Herringbone  Pinion  Roll* 
Size  1914 

Input  Spiral  Bevel  Gear 

6B 

Herringbone  Gear  Roller 

Herringbone  Pinion 

204-040-271 

Herringbone  Gear 

7B 

Lower  Planet  Roller 
204-040-725/-132 

Lower  Sun  Gear 

SB 

Upper  Planet  Roller 

Lower  P'  •»  Pinion 

563 -040 -11 2/- 113 

Lower  Rlnt  jtar 

9B 

Mast  Ball  205-040-165 

Upper  Sun  Gear 

10B 

Hast  Roller  563-040-270 

Upper  Planet  Pinion 

11B 

SIT  Spur  Gear  Roller 

165  x  16;  33  -  U  x  11 

Upper  Ring  Gear 

12B 

35T  Spur  Pinion  Roller 

Offaet  Spur  Pinion 

Size  206;  13  -  9  x  11 

Offaet  Spur  Gear 

13B 

Pinion  Roller  Size  208 

Sump  Bevel  P:.nion 

14b 

Pinion  Ball  Size  7212 

Sump  Bevel  Gear 

1SB 

Gear  Roller  Size  211 

Accessory  Spur  Pinion 

16B 

Gear  Ball  Slse  7210 

Accessory  Spur  Idler 

17B 

34T  Acc.  Drive  Roller 
Slse  1004 

Accessory  Spur  Gear 

IBB 

39T  Acc.  Drive  Idler 
Roller  Slse  1905 

19B 

34T  Acc.  Drive  (Single 

Name 

Mesh)  Roller  Size  1906 

Input  Pinion  Roller 

Sis#  207 

20B 

Upper  Planetary  Support 
Ball  563-040-120 

Input  Pinion  Ball 

Sis#  7210 

21B 

Lower  Planetary  Support 
Ball  563-040-120 

Input  Gear  Roller 

Slse  1914 

22B 

Herringbone  Gear  Support 
Jell  Slse  140  x  163 

Input  Gear  Ball 

Slse  7014 

23B 

freewheeling  Roller 

Size  1009 

stcu*  e  e 


FijJrc  C  -  Co  it  . 


73 


Prtcriiif  MCI  Milk 


AND  LIVES  -  6 000 -HOUR  TBO ,  TWIN  1500  HP 


ie 

Moment 
( in . -lb ) 

Bearing  Life 
Hours 

L10  * 

RPM 

Minimum  Film 

Thi  ckness 
(I0~6  in. 5 

.DU 

- 

9,080 

24,000 

43 

840,000 

125 

13,376 

24,000 

58 

1,2.0,000 

- 

98 ,304 

11,871 

37 

830,570 

329 

13,244 

11,871 

41 

150,970 

- 

11,920 

11,871 

35 

830.970 

- 

32,964 

3,011 

22 

361,520 

- 

18,368 

3,74  7, 

1.1 

131,005 

- 

10,736 

808 

s 

44, 440 

3,272 

10,588 

252 

14 

27,720 

- 

46 , 037 

252 

3 

24,192 

- 

71,591 

3,011 

7 

361,320 

- 

11,896 

4,387 

15 

131,610 

_ 

23,736 

4,38  7 

6 

175,480 

TABLE  X 

— 1 

-  Coni 

Item 

Bearing 

Axial 

Loading 

Radial 

(lb) 

* 

Moment 
(in. -lb) 

Ml 

I4B 

Pinion  Ball 

Size  7212 

1,643 

827 

800 

- 3 

l 

15B 

Gear  Roller 

Size  211 

- 

3,407 

- 

\ 

16B 

Gear  Ball 

Size  7210 

504 

670 

285 

ij 

1 

I7B 

34T  Accessory  Drive 

Roller  Size  1004 

- 

498 

- 

l 

I8B 

39T  Accessory  Drive  Idler 

Roller  Size  1905 

- 

49b 

- 

i 

I9B 

34T  Accessory  Drive 

(Single  Mesh)  Roller  Size  1906 

- 

314 

- 

l 

I 

20B 

Upper  Planetary  Support  Ball 
563-040-120 

- 

- 

- 

3,2 

2IB 

Lower  Planetary  Support  Ball 
563-040-120 

- 

- 

- 

5; 

22B 

Herringbone  Gear  Support  Ball 

Size  140  x  165 

- 

- 

- 

i 

23B 

Freewheeling  Roller 

Size  1009 

- 

- 

- 

i 

*  65% 

75% 
100% 

Items  1  through  10 

Items  11  through  19 

Items  20  through  23 

) 

j 

\ 

i 

77 

i 

I 

j 

Preceding  page  blank 


l$r 


[ 

L 

TABLE  X 

-  Continued 

ling 

lial 

[b) 

* 

Moment 
(in. -lb) 

3earing  Life 
Hours 

L10  * 

RPM 

Minimum  Film 
Thickness 

CIO"6  in.) 

DN 

:827 

800 

13,112 

4,387 

8 

263,220 

[407 

- 

13,592 

4,150 

23 

228,250 

670 

k 

285 

17,344 

4,150 

7 

207,500 

\ 

[498 

1 

- 

19,288 

4,150 

20 

83,000 

i 

[498 

| 

- 

11,664 

3,618 

10 

90,450 

[314 

- 

17,562 

4,150 

22 

124,500 

- 

- 

3,280,000 

723 

13 

57,840 

- 

512,260 

2,036 

15 

210,770 

> 

- 

91,645 

3,011 

15 

210,770 

Toll  Kotor  Urivo 
Short  Adopt or 


tj— -Oil  Soap  Coot  in*  Kin. 


tin 

•*0  (A) 
40  <1) 

!•» 


IH3.  g go. 

2221 

10 

Engl no  crbtti 

20 

Cng In#  urbt 

30 

Input  Spiral 

uo 

(A) 

Input  Spiral 

(B) 

Oil  Puap  Tal 

SO 

touor  Sun  O 

60 

touor  Plana 

20 

touor  Ring  I 

■ 

BO 

Uppor  Sun  0 

90 

Uppor  Plana 

IOC 

Uppor  Ring 

no 

Toll  Rotor. 
Tokooff  Spi 

120 

Con.  and  H] 

Tokootr  Spg 

1 3C 

(A) 

Conorotor  | 

(B) 

Hydr.  Poop; 

140 

Hydr.  Puap' 

ISC 

Oil  Puap  j: 

' 

BEARIHGS 

If  Wo.  E»»» 

IB  Eng  1  no 

Rollor  S 


Bnglno 
Boll  Si 

Dtglno 
Rollor  S 


3B 


ICAEIHGS  ;  Continued 


Homo 

»*  —  *»' 

engine  Grbx.  Spiral  Revel  Pinion 

Engine  Grbx.  Spiral  Revel  Gear 

kR 

Engine  Gearbox  Gear 

Rail  Slee  7018 

Input  Spiral  Revel  Pinion 

SR 

Input  Pinion  Roller 

Site  192k 

Input  Spiral  Revel  Gear 

68 

Input  Pinion  Rail 

Oil  Pump  Takeoff  Spur 

Siae  702k 

Lower  Sun  Gear 

Lower  Planet  Pinion 

7R 

Input  Gear  Roller 

Slse  36  -  12. S  a  U  a  7.1k2S  PD 

Lower  Ring  Gear 

RR 

Input  Gear  Rail 

Slse  1932 

Upper  Sun  Gear 

9R 

Lower  Planet  Roller 

Slse  17  x  19  a  S.S707  PD 

Upper  Planet  Pinion 

2  Rowe i  19  Rollers/Row 

Upper  Ring  Gear 

10R 

Upper  Planet  Roller 

Slse  1/2  a  .8S  a  7.500  PD 

Tall  Rotor  and  Acceaa  Drive 

Takeoff  Spiral  Bevel 

2  Rowe:  30  Rollere/Row 

Gen.  and  Mydr.  Pu*p  Drive 

Takeoff  Spur 

HR 

Neat  Rail 

Slse  723k-923k 

Generator  Drive  Spur 

Hydr.  Ptaep  Drive  Takeoff  Spur 

12R 

Matt  Roller 

Slse  2k  -  15  a  17  x  S.k92S  PD 

Hydr.  Puap  Drive  Spur 

13R 

Tall  Rotor  and  Acceaa  Revel 

Rail  Slse  712k 

Oil  Puop  Drive  Spur 

UR 

Generator  Drive  Rail 

Slse  KDkOCP  (Kaydon) 

1SR 

Hydr.  Puap  Drive  Rail 

Slse  KDkOCP  (Kaydon) 

Homo 

168 

Oil  Puop  Drive  Rail 

Slse  26  x  32  x  13 

Engine  Gearbox  Pinion 

Roller  Site  1020 

17R 

Planetary  Support  Rail 

Slse  AP65AH  (Kaydon) 

Engine  Gearbox  Pinion 

Rail  Slse  7218 

1RR 

Preewheeling  Rail 

Slse  KDkSXP  (Kaydon) 

Engine  Gearbox  Gear 
Roller  Slse  1020 


4 


TABLE  XI  . 

SU3M  ART 

OP  BEARING 

LOADS  AND  Lit 

Bearlltf 

Loading™*" 

Radial 

A*‘*t  CilLl _ 

Moment 
( in. -lb) 

IB 

Engine  Ocarbuk  Plnlo.i  /toller 

SiXe  1020 

- 

3 , 99S 

• 

2B 

Eitglne  Gearbox  Hi  til  on  Ball 

Sixe  712** 

1.717 

2.029 

l  .S93 

3B 

Engine  Gearbox  Gear  Roller 

Sixe  1020 

- 

9  .070 

! 

<4 1 

Engl  ir  ucarbux  Gear  Ball 

SUc  701  ft 

729 

l  .307 

H62 

SB 

Input  Pinion  Roller 

Hire  1020 

- 

3.27S 

- 

6B 

Input  Pinion  Ball 

Sine  7029 

2.030 

1  .  9ft  7 

2.997 

7B 

Input  Gear  Roller 

Sixe  36-12.  S  k  li*  k  7 . 392 1»  PD 

- 

9  .992 

• 

SB 

Input  Gear  Ball 

Sixe  1932 

2 . 702 

2.332 

9.162 

9B 

Lower  Planet  Roller 

2  Row*:  19  Roller*  Row 

Sixe  17  x  19  x  5.S707  PO 

- 

6.961 

- 

10B 

Upper  Planet  Roller 

2  Row*:  30  Roller*/Row 

Sixe  1/2  x  . ft S  x  7.S00  PD 

- 

10.610 

- 

1  IB 

Ma»t  Ball 

Sixe  7239-9239 

2S.06S 

9 , 3ft  5 

27,296 

12B 

Maxi  Roller 

Sixe  29-1S  x  17  x  S.992S  PO 

- 

12.306 

- 

(S3 

mdiitnii  nut 


HG  UMUS  AHU  UV£S  -  1200-i«0tk  *U0 ,  TWIN  4H00  Ml1 


TABLE  XI  • 

Coat  1 

1  tea 

Bearing 

Axi  al 

Loading 

Radial 

(lb) 

i 

Moment 
(in. -lb) 

im 

13B 

Tail  Rotor  ami  Acce**  Bevel 
Size  7124 

Ball 

721 

2,202 

1.714 

: 

14B 

Generator  Drive  Ball 

Size  KD40CP,  2  on  Shaf t  (Kaydon) 

- 

71 

156 

4 

4 

15B 

Hydraulic  Pump  Drive  Ball 
Size  KD40CP  (Kaydon) 

- 

53 

- 

16B 

Oil  Pump  Drive  Ball 

Size  26  x  52  x  15 

- 

- 

- 

17B 

Planetary  Support  Ball 

Size  KP65AH  (Kaydon) 

- 

- 

- 

18B 

Freewheel  ing  Ball 

Size  KD45XP  (Kaydon) 

“ 

- 

] 

*  65%  •  Item*  lb  through  10B 

100%  -  Item*  LIB  end  12B 

75%  -  Item*  13B  through  15B 

No  calculation*  are  made  for  item* 

16B 

through  L8B 

| 

, 

85 


J 

J 

j 


l 


Nett  if  Pt>  Nut 


5 


h-  - - 

TABLE  XI  -  Continued 


ST 

L 

Moment 
(In. -lb) 

Bearing  Life 
Hours 

L10  * 

RPM 

Minimum  Film 
Thickness 

CIO’6  in.) 

DN 

>2 

! 

1,714 

2,808 

4,943 

34.9 

593,160 

n 

4 

7,520  (1) 

6,355 

28.5 

645,178 

}6 

4 

6,060  (2) 

28.1 

\3 

- 

12,732 

3,813 

19.7 

387,107 

- - 

TABLE  XII  .  SUMMARY  OF  j 
TWIN  4800 


Tangential  Number  Face  PitcET 

Item  Load  Diametral  of  Width  Veld 

No.  Item _ HP _ (lb) _ Pitch  Teeth _ (in.)  RPM  (ft/j 


1G 

Engine  Gear¬ 
box  Spiral 
Bevel  Pinion 

4,800 

8,79  7 

2G 

Engine  Gear¬ 
box  Spiral 
Bevel  Gear 

4,800 

8,79  7 

3G 

Input  Spiral 
Bevel  Pinion 

4,800 

9,770 

4G(  A) 

(B) 

Input  Spiral 
Bevel  Gear 

Oil  Pump 
Takeoff  Spur 

4,800 

10 

9,7  70 

93 

5G 

Lower  Sun 

Gear 

6,400 

9,970 

6G 

Lower  Planet 
Pinion 

With  Sun 
Gear 

With  Ring 
Gear 

6,400 

6,400 

9,970 

9,970 

7G 

Lower  Ring 
Gear 

6,400 

9,970 

8G 

Upper  Sun 

Gear 

6,400 

19,474 

9G 

Upper  Planet 
Pinion 

With  Sun 
Gear 

With  Ring 
Gear 

6,400 

6,400 

19,474 

19,474 

7.75 

67 

2 . 500 

9,000 

"eo 

o 

CM 

7.75 

99 

2.500 

6,091 

20, 3| 

7.75 

86 

2.750 

6,091 

17,48 

1 

7.75 

231 

2.750 

2,268 

MR 

ink 

10.00 

60 

.500 

2,268 

3,5, 

5.3817 

48 

2.600 

2,268 

S 

5.3817 

43 

2.400 

1,878 

4,0! 

5.6181 

43 

2.400 

1,878 

4,0! 

5.6181 

138 

2.200 

- 

- 

4.1586 

48 

3.800 

5S5 

i 

4.1586 

43 

3.650 

485 

4.3414 


43 


3.650 


485 


1 


I 


rRY  OF  FUNCTIONAL  GEAR  DATA, 
4800  HP,  L200-HOUR  TBO 


Pitch  Line 
Velocity 
(ft/min) 

Temperature 

Rise 

(°F) 

Bend ing 
Stress 
(psi) 

Com,  *"?  i  ve 
Stre.  . 
(psi) 

EriD  Film 
Thickness 
(ii.  y  :.o-6) 

Average 
Pow^r  Lc*ii 
(hp) 

dumber 
«  £  i 

M»g',vs 

20,370 

132 

38,971 

185,595 

7  5  w 

13.335 

!  1 

20,370 

132 

36,714 

189 ,595 

750 

1.7  .X> 

i 

17,486 

114 

33,571 

147,022 

750 

8.40* 

- 

17,486 

114 

37,861 

147,022 

750 

8.402 

2 

3,563 

43 

4,522 

73,720 

29.05 

.032 

1 

- 

68 

38,617 

163  ,  48  7 

28.5 

1.274 

4 

4,055 

68 

48 , 541 

163,487 

28.5 

1.274 

_ 

4,055 

31 

36,418 

146,457 

29.5 

1.298 

- 

- 

31 

53,381 

146,457 

29.5 

1.298 

4 

- 

67 

39 , 569 

162,874 

16.5 

1.269 

6 

1,319 

67 

47,207 

162,874 

16.5 

1.269 

_ 

1,319 

32 

38,535 

142,656 

17.1 

1.358 

- 

TABLE  XII 


1 


-  CM 


I  tem 

Nc.  Item  HP 

Tangential 

Load 

(lb) 

Di  ame  t  ra  1 
Pitch 

Number 

of 

Teeth 

Face 
Wid  th 
(in.) 

RPM 

Pitch  ; 
Veloc 
(ft/a 

LOG  Upper  Ring  6,400 

Gear 

19,474 

4.3414 

138 

3.500 

-- 

-- 

1LG  Tail  Rotor  &  1,010 

Ac c.  Drive 

Takeoff 

Spiral  Bevel 

2,206 

8.856 

106 

.700 

4,943 

15,49 

i 

l 

I2G  Gen.  &  Hydr.  65 

Pump  Drive 

Takeoff  Spur 

184 

8.0 

72 

.400 

4,943 

11,64 

* 

13G(A)Gen.  Drive  Spur  65 

184 

8.0 

56 

.300 

6,355 

11 , 64 

(B)Hydr.  Pump  15 

Drive  Takeoff 

Spur 

50 

8.0 

48 

.300 

6,355 

9,9< 

* 

■; 

V 

I4G  Hydr.  Pump  15 

Drive  Spur 

50 

8.0 

80 

.20 

3,813 

9,91 

15G  Oil  Pump  Drive  10 

Spur 

93 

10.0 

36 

.25 

3,780 

3 , 5( 

kBLE  XII  -  Continued 


Pitch  Line 

Temperature 

Bending 

Compressi ve 

EHD  Film 

Average 

Number 

Veloci ty 

Rise 

Stress 

Stress 

Thic kness 

Power  Loss 

of 

RPM  (ft/min) 

(  °F) 

(psi) 

(psi) 

(in.  x  10-6) 

(hp) 

Meshe  s 

943 

15,490 

943 

11,647 

355 

11,647 

142,656 

17.1 

1.358 

6 

141,536 

750 

2.112 

1 

73,347 

750 

.074 

2 

73,347 

750 

.074 

2 

45,393 

50.1 

.020 

2 

46,393 

50.1 

.020 

2 

73,720 

29.05 

.032 

1 

S5AM 


Oil  Sump  Cool  inn  Kins 


It—  Wo.  Nam* 


1G 

Engirt*  Orb*.  Spiral  8*v*l  Pint 

20 

ing in*  Grbx.  Spiral  Bevel  G«ar 

30 

Input  Spiral  B*v*l  Pinion 

40 

(A) 

Input  Spiral  B*v*l  G*ar 

(8) 

Oil  Pump  Takeoff  Spur 

50 

Lower  Sun  Gear 

6C 

Lower  Planet  Pinion 

70 

Lower  Ring  Gear 

80 

Upper  Sun  Gear 

90 

Upper  Planet  Pinion 

100 

Upper  Ring  Gear 

110 

Tall  Rotor  and  Access  Drive 
Takeoff  Spiral  Bevel 

12G 

Gen.  and  Hydr.  Pump  Drive 
Takeoff  Spur 

130 

(A) 

Generator  Drive  Spur 

<B) 

Hydr.  Pump  Drive  Takeoff  Spur 

140 

Hydr.  Pump  Drive  Spur 

150 

Oil  Pump  Drive  Spur 

BEARINGS 

Item  No. 

Nam* 

IB 

Engine  Grbx.  Pinion 
Slse  1020 

Roller 

2B 

Engine  Grbx.  Pinion 
Slse  7220 

Ball 

3B 

Engine  Grbx.  Gear  Roller 
Site  1021 

2IAB& 


SL« 

lo. 

HiSL 

10 

Eng  In*  Grbx.  Spiral  B*v*l  Pinion 

20 

Btgln*  Grbx.  Spiral  B*v*l  Geer 

30 

Input  Spiral  Bevel  Pinion 

ha 

(A) 

Input  S>lral  B*v*l  Gaar 

(1) 

Oil  Puap  Takeof  f  Spur 

so 

Lower  Sun  G«ar 

60 

Lower  Planet  Pinion 

70 

Lower  Ring  Gear 

•0 

Upper  Sun  Gear 

fo 

Upper  Planet  Pinion 

00 

Upper  Ring  Gear 

10 

Tall  Rotor  and  Access  Drive 
Takeoff  Spiral  Bevel 

20 

Gen.  and  Hydr.  Pump  Drive 

Takeoff  Spur 

(A) 

Generator  Drive  Spur 

(1) 

Hydr.  Pump  Drive  Takeoff  Spur 

Hydr.  Puap  Drive  Spur 

SO 

Oil  Pump  Drive  Spur 

IWNO§ 

EJ 

o. 

Name 

18 

Engine  Grbx.  Pinion  Roller 

Slac  1020 

121 

Engine  Grbx.  Pinion  Ball 

Six*  7220 

31 

Engine  Grbx.  Gear  Roller 

Six*  1021 

•EAAIHQS 

-  Continued 

I  tea  Ho. 

N— * 

41 

Engine  Grbx.  Gear  Ball 

Six*  7216 

SB 

Input  Pinion  Roller 

Six*  1020 

61 

Input  Pinion  Ball 

Six*  7219 

71 

Input  Gear  Roller 

Six*  30  -  IS  x  IS  x  7.44  PD 

SB 

Input  Gear  Ball 

Six*  7030 

91 

Lower  Planet  Roller 

Six*  21  x  21  x  S.6928  PD 

2  Rows i  16  Roller a/Row 

10B 

Upper  Planet  Roller 

Slxe  19  x  26  x  7.2S2  PD 

2  Rows  i  24  Rolle  .-a/Row 

111 

Hast  Ball 

Slxe  7234-9234 

12B 

Heat  Roller 

Six*  1022 

13B 

Tall  Rotor  and  Acceaa  Bevel 
Ball  Slxe  7026 

141 

Generator  Drive  Ball 

Sis*  KD40CP  (Kaydon) 

1SB 

Hydr.  Puaip  Drive  Ball 

Six*  KD40CP  (Kaydon) 

16B 

Oil  Puap  Drive  Ball 

Slxe  26  x  52  x  IS 

17B 

Planetary  Support  Ball 

Sis*  KF65AH  (Kaydon) 

16B 

Freewheeling  Ball 

Sis*  KD45XP  (Kaydon) 


CL  Engine 


\ 


rwd 


t 


21 

1C 

U 


WtriM  ii«ui«*vr  muiKNUMM 


Figure  10  -  Continued. 
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TAH'.K  Kill.  SUFWARV  OF  BtAXlNG  LOADS  AND  LIVES 


I 


Item 

Hearing 

Ax  i  al 

Loading 

Radial 

_ QtO 

Moment 
( in. -lb) 

Bear! 

Ha 

U 

IB 

Engiiw  Gearbox  Pinion  Roller 
Stze  1020 

- 

3,514 

- 

2 B 

to^tne  Gearbox  Finlon  Ball 
Size  7220 

1  ,  4W9 

1  ,986 

1  .600 

6,< 

38 

Engine  Gearbox  Gear  Holler 
Size  1021 

- 

4,014 

- 

4B 

Engine  Gearbox  Gear  Ball 

Size  7216 

712 

l  .425 

876 

s; 

SB 

Input  Pinion  Roller 

Size  1020 

- 

3,423 

- 

5.1 

6B 

Input  Pinion  Ball 

Size  7219 

3.052 

l  .446 

1.714 

S.i 

7B 

Input  Gear  Roller 

Size  30-15  x  15  x  7.44  PD 

- 

5,001 

- 

5.' 

8B 

Input  Ccar  Ball 

Size  7030 

2,747 

2,390 

4.223 

5,! 

9B 

Lower  Planet  Roller 

2  Rows:  16  Rollcrs/Row 

Size  21  x  21  x  5.6928  PD 

“ 

6,999 

- 

6.: 

10B 

Upper  Planet  Roller 

2  Rows:  24  Rollcrs/Row 

Size  19  x  26  x  7.252  PD 

- 

14,189 

- 

5,! 

1  LB 

Mast  Ball 

Size  7234-9234 

25,065 

9,901 

27,712 

5.3 

12B 

Mast  Roller 

Size  1022 

12,392 

5.1 

MO  lliak 


r 


EAAINti 

LOADS  AND 

LIVLS  -  3000-dO'JK 

TBO ,  TWIN 

4800  HP 

ting-* 

llal 

Moment 

Hearing  Life 
Hours 

Minimum  film 

Thick  ne  as 
(lO-G  in.) 

W  _ 

( In. -lb) 

»A0  # 

RPM 

DN 

514 

- 

5.472 

9,000 

55.8 

900,000 

,986 

1  ,600 

6,492 

9,000 

55.8 

900 ,000 

.014 

- 

5,026 

6,090 

34.9 

639,450 

425 

876 

5,288 

6,090 

32.6 

487,200 

423 

- 

5,002 

6,090 

33. 1 

609,000 

446 

1.714 

5.644 

6,090 

40.5 

578,550 

,001 

- 

5.410 

2,268 

22 .2 

360,232 

390 

4.223 

5,936 

2,268 

25.5 

170,100 

999 

- 

6,344 

1,293 

12.5 

132,516 

189 

- 

5,980 

334 

5.5 

48,784 

m 

27,712 

5,728 

151 

4.7 

25,670 

K 


392 


5,152 


151 


2.4 


16,520 


I3B 

Tail  Rotor  and  Access  Bevel  Ball 
Size  7026 

755 

2,053 

1,849 

7 

I4B 

Generator,  Drive  Ball 

Size  KD40CP,  2  on  Shaft 

_ 

71 

4 

7 

- 

156 

4 

6 

L5B 

Hydraulic  Pump  Drive  Ball 

Size  KD40CP  (Kaydon) 

- 

53 

- 

12 

I6B 

Oil  Pump  Drive  Ball 

Size  26  x  52  x  15 

- 

- 

- 

17B 

Planetary  Support  Ball 

Size  KF65AH  (Kaydon) 

- 

- 

- 

I8B 

Freewheeling  Ball 

Size  KD45XP  (Kaydon) 

- 

- 

“ 

*  65%  -  Items  IB  through  LOB 

100%  -  Items  ILB  and  I2B 
75%  -  Items  L3B  through  I5B 
No  calculations  are  made  for  items  L6B  through  I8B 
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'ABLE  XIII  - 

Continued 

g  * 

1  Moment 

(in.-lu) 

Bearing  Life 
Hours 

LIO  * 

RPM 

Minimum  Film 
Thickness 
(10“6  in.) 

DN 

3  1,849 

7,862 

4,943 

39.9 

889,740 

I  4 

6  4 

7,520  (1) 
6,060  (2) 

6,355 

28.5 

28.1 

645,178 

3 

12,732 

3,813 

19.7 

387,107 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

TABLE 

XIV  . 

SUMMARY  OF  FUNG 
TWIN  4800  HP,  3 

Item 

No. 

Item 

HP 

Tangential 

Load 

(lb) 

Diametral 

Pitch 

Number 

of 

Tee  th 

Face 
Wid  th 
(in.) 

RPM 

Pitch 

Veloc 

(ft/m 

IG 

Engine  Gearbox 
Spiral  Bevel 
Pinion 

48  00 

8 , 797 

7.75 

67 

2.5 

9,000 

20,3 

j 

2G 

Engine  Gearbox 
Spiral  Bevel 
Gear 

4300 

8,797 

7.75 

99 

2.  5 

6,091 

20,3; 

3G 

Input  Spiral 
Bevel  Pinion 

48  00 

9,770 

7.75 

86 

2.75 

6,091 

17 ’41 

' 

4G(A)Input  Spiral 
Bevel  Gear 

48  00 

9,770 

7.75 

231 

2.75 

2,  268 

17,  ki 

(B)Oil  Pump 

Takeoff  Spur 

10 

93 

10.0 

60 

.50 

2,268 

3,5< 

i 

5G 

6G 

Lower  Sun 

Gear 

Lower  Planet 
Pinion 

6400 

9,607 

5.186 

43 

2.70 

2,268 

Wi  th  Sun 

Gear 

6400 

9,607 

5.186 

43 

2.60 

1,878 

4,01 

With  Ring 
Gear 

6400 

9,607 

5.414 

43 

2.60 

1,878 

4,oJ| 

7G 

Lower  Ring 

Gear 

6400 

9,607 

5.414 

138 

2.40 

- 

-  : 

8G 

9G 

Upper  Sun 

Gear 

Upper  Planet 
Pinion 

6400 

19,474 

4.1586 

48 

4.10 

585 

_  ‘ 

With  Sun 
Gear 

64  00 

19,474 

4.1586 

43 

3.90 

485 

1,31 

With  Ring 
Gear 

64  00 

19,474 

4.3414 

43 

3.90 

485 

1,31 

99 
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^Wrv'-t  ■V*S-A'^5>* 


OF  FUNCTIONAL  GEAR  DATA, 

X)  HP,  3000- AND  6000 -HOUR  TBO 


Pitch  Line 
Velocity 
(ft/min) 

Temperature 
Rise 
(  °F) 

Bending 

Stress 

(psi) 

Compressive 

Stress 

(psi) 

EHD  Film 
Thickness  , 
(in.  x  10_b) 

Average 

Power 

Loss 

Number 

of 

Meshes 

20,370 

132 

38,971 

189,595 

50.0 

13.335 

2 

20,370 

132 

36,714 

189,595 

50.0 

13.335 

2 

17,486 

114 

38,571 

147,022 

50.0 

8.402 

2 

17,486 

114 

37 ,861 

147,022 

50.0 

8.402 

2 

3,563 

43 

4,522 

73,720 

29 .05 

.032 

1 

- 

70 

35,895 

151,619 

28.5 

1.272 

4 

1  4,055 

7) 

39,279 

151,619 

28.5 

1.272 

- 

4,055 

30 

32,784 

135,723 

29.5 

1.313 

- 

- 

30 

48,852 

135,723 

29.5 

1.313 

4 

; 

70 

38,612 

157,868 

16.5 

1.285 

6 

!  1,319 

70 

41,589 

157,868 

16.5 

1.285 

- 

1,319 

31 

37  ,837 

138,893 

17.1 

1.402 

“ 

Item 

No.  Item 


Tangential 

Load 

(Lb) 


Number  Face 
Diametral  of  Width 


TABLE  XIV  -  Contin 


Pitch  Line 
Velocity 


10G  Upper  Ring 

Gear 

6400 

19,474 

4.3414 

138 

3.  70 

- 

- 

11G  Tail  Rotor  & 
Acc  .  Drive 
Takeoff 

Spiral  Bevel 

1010 

2,206 

8.856 

106 

.70 

4,943 

15,490 

i 

12G  Gen.  &  Hydr. 
Pump  Drive 
Takeoff  Spur 

65 

184 

8.0 

72 

.40 

4,943 

11 , 647  ; 

13G(A)Gen.  Drive 

Spur 

65 

184 

8.0 

56 

.30 

6,355 

11,647  j 

(B)Hydr.  Pump 
Drive  Takeoff 
Spur 

15 

50 

8.0 

48 

.30 

6,355 

9,982  J 

14G  Hydr.  Pump 
Drive  Spur 

10 

50 

8.0 

80 

.20 

3,813 

9,982  \ 

i  | 

15G  Oil  Pump  Drive 
Spur 

10 

93 

10.0 

36 

.25 

3,780 

3,563  j 

F*M 

Pitch  Line 
Velocity 
(f t/min) 

Temperature 

Rise 

(°F) 

Bending 

Stress 

(psi) 

Compress ive 
Stress 
(psi) 

EDH  Film 
Thickness 
(in.  x  10"6) 

Average 

Power 

Loss 

Number 

of 

Meshes 

f 

- 

31 

50,463 

138,893 

17.1 

1.402 

6 

943 

13,490 

97 

42,462 

141 ,536 

50.0 

2.112 

1 

; 

943 

11 ,647 

36 

7,567 

73,347 

50.0 

.074 

1 

555 

11,647 

36 

10,021 

73,347 

50.0 

.074 

2 

555 

9,982 

16 

2,626 

46,393 

50.1 

.020 

2 

>13 

9,982 

16 

3,734 

46,393 

50.1 

.020 

2 

'80 

3,563 

43 

8,038 

73,720 

29,05 

.032 

1 

0 


SCAM 


n—  *<>• 

{lorn* 

10 

Engin*  GrbM.  Spiral  B*v*l  Pinion 

2G 

Cngln*  Orb*.  Spiral  Baval  G**r 

Jo 

Input  Spiral  baval  Pinion 

40 

(A) 

Input  Spiral  B*v*l  C*ar 

<B) 

Oil  Puop  Takaof t  Spur 

JO 

Lowr  Sun  0*ar 

60 

Low r  Planat  pinion 

70 

Lowr  Ring  C*ar 

80 

Upp*r  Sun  o*ar 

90 

Uppar  Planat  Pinion 

IOC 

Uppar  Ring  naar 

UG 

Tall  Rotor  and  Arc***  Drlv* 
Takaoff  Spiral  B*v*l 

120 

Can.  and  Hydr.  Puap  Drlv* 

Takaoff  Spur 

IJG 

(A) 

Cana  rat  or  Drivr  Spur 

(B) 

Hydr.  Puop  Drlv*  Takaoff  Spur 

140 

Hydr.  Puop  Drlv*  Spur 

ISC 

Oil  Pun?  Drlv*  Spur 

tao  No.  Saa* 

IB  Eng  In*  G**rbo*  Pinion 

Rollar  Sis*  1020 

2B  Eng  In*  Gaarbox  Pinion 

Boll  Si**  7218 

SB  Engin*  Oaarbox  Gear 

Rollar  Si**  1020 


>nt  lnued 


It—  K— 


Engine  Grbx.  Spiral  Revel  Pinion 

Engine  Orb*.  Spiral  Revel  Gear 

4R 

Engine  Gearbox  Gear 

Rail  Sice  7010 

SR 

Input  Pinion  Roller 

Input  Spiral  Revel  Pinion 

Slae  1924 

Input  Spiral  Revel  Gear 

60 

Input  Pinion  Rail 

Oil  Puaip  Takeoff  Spur 

Stae  7024 

Lower  Sun  Gear 

7R 

Input  Gear  Roller 

Slae  36  •  12. S  x  14  x  7.3U/S  PD 

Lower  Planet  Pinion 

RR 

Input  Gear  Rail 

Lower  Ring  Gear 

Slae  1932 

Upper  Sun  Gear 

9R 

Lower  Planet  Roller 

Slae  17  x  19  x  S.S707  PD 

Upper  Planet  Pinion 

2  Rowe i  19  Rol lere/Row 

Upper  Ring  Gear 

10R 

Upper  Planet  Roller 

Slae  1/2  x  .OS  x  7.S00  PD 

Tall  Rotor  and  Accent  Drive 

2  Rowe  i  30  RolUre/Row 

Takeoff  Spiral  Revel 

Oen.  and  Hydr.  Pu*p  Drive 

Takeoff  Spur 

UR 

Meat  Rail 

Slae  7234.9234 

17R 

Meat  Roller 

Generator  Drive  Spur 

Slae  24  .  IS  x  17  x  S.492S  PD 

Hydr.  Puap  Drive  Takeoff  Spur 

130 

Tall  Rotor  and  Acceee  Revel 

Hydr.  Puap  Drive  Spur 

Rail  Slae  7124 

Oil  Pwep  Drive  Spur 

UR 

Generator  Drive  ball 

Slae  KD40CP  (Kaydon) 

1SR 

Hydr.  Puop  Drive  Ball 

Stae  KD40CP  (Kaydon) 

Haoe 

160 

Oil  Tump  Drive  Ball 

Slae  26  x  S2  x  IS 

17R 

Planetary  Support  Ball 

Diftlne  Gearbox  Pinion 

Roller  Sice  1020 

Slae  AP6SAH  (Kaydon) 

IRR 

Preewheeling  Ball 

Engine  Gearbox  Pinion 

Rail  Sice  721* 

Slae  KD4SXP  (Kaydon) 

Engine  Gearbox  Gear 
Roller  Sice  1020 


CL  Eng  In* 


CL  Transal talon 
Input  Pinion 


MOTION  tatVMOvr  •(  ou  I  ION  CCM  tot 
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TA3LE  XV.  SUMMARY  OP  BEARING  LOADS  AND  LIVES 


1  tern 

Boar  i  rut 

AxiaL 

Loading  * 
Radial 
(lb) 

r 

Moment 
(in. -lb) 

IB 

Engine  Gearbox  Pinion  Roller 

Size  L020 

- 

3,495 

- 

2B 

Engine  Gearbox  Pinion  Ball 

Size  7128 

1,717 

2,029 

1,543 

3B 

Engine  Gearbox  Gear  Roller 

Size  1020 

- 

4,070 

- 

LB 

Engine  Gearbox  Gear  Ball 

Size  7018 

724 

1,367 

862 

SB 

Input  Pinion  Roller 

Size  1020 

- 

3,275 

- 

6B 

Input  Pinion  BaLL 

Size  7024 

2,036 

1,487 

2,497 

7B 

Input  Gear  Roller 

Size  36-12. S  x  14  x  7.3425  PD 

- 

4,992 

- 

8B 

Input  Gear  Ball 

Size  1932 

2,762 

2,332 

4,162 

9B 

Lower  Planet  Roller 

2  Rows:  19  Rollers/Row 

Size  17  x  19  x  5.5707  PD 

- 

6,461 

LOB 

Upper  Planet  Roller 

2  Rows:  30  Rollers/Row 

Size  1/2  x  .85  x  7.500  PD 

10,610 

1 1  B 

Mast  Ball 

Size  7234-9234 

25,065 

9,385 

27,296 

I2B 

Mast  Roller 

Size  24-15  x  17  x  5.4925  PD 

- 

12,306 

- 

107 


n 


NG 

LOADS  AND  LIVES  -  6000 -HOUR  TBO ,  TWIN 

4800-HP 

H 

Moment 
(in. -lb) 

Bearing  Life 
Hours 

L10  * 

RPM 

Minimum  Film 
Thickness 
(10‘6  in.) 

DN 

- 

19,664 

9,000 

43.6 

900,000 

1,543 

11,696 

9,000 

48.99 

810,000 

- 

11,000 

6,090 

32.6 

609,000 

862 

12,352 

6,090 

32.2 

548,100 

- 

14,744 

6,090 

35.7 

730,800 

2,497 

11,096 

6,090 

42.2 

730,800 

- 

12,344 

2,268 

20.9 

365,960 

4,162 

13,344 

2,268 

24.7 

362,880 

- 

12,960 

1,293 

11.7 

138,853 

- 

13,368 

334 

5.1 

55,102 

27,296 

18,864 

151 

5.4 

25,670 

12,288 


151 


2.3 


16,520 


13B 

Tail  Rotor  and  Access  Bevel  Ball 
Size  7124 

721 

2,202 

1,714 

12, 

I4B 

Generator  Drive  Ball 

71 

4 

30, 

Size  KD40CP,  2  on  Shaft  (Kaydon) 

- 

156 

4 

24, 

15B 

Hydraulic  Pump  Drive  Ball 

Size  KD40CP  (Kaydon) 

53 

- 

12. 

I6B 

Oil  Pump  Drive  Ball 

Size  26  x  52  x  15 

- 

- 

- 

\ 

j 

17B 

Planetary  Support  Ball 

Size  KF65AH  (Kaydon) 

- 

- 

- 

4 

1 

18B 

Freewheeling  Ball 

Size  KD45XP  (Kaydon) 

- 

- 

- 

I 

1 

! 

*  65%  -  Items  IB  through  IOB 

100%  -  Items  I1B  and  12B 
75%  -  Items  I3B  through  I5B 
No  calculations  are  made  for  items  16B  through  I8B 
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TRADEOFF  VARIABLES 


TRANSMISSION  WEIGHT 


An  assessment  of  the  effect  of  an  increase  in  the  weight  of 
the  helicopter  transmission  in  excess  of  "normal  weight”  to 
provide  extended  life  is  provided  through  a  consideration  of 
the  attendant  reduced  operational  flight  envelope.  There  are 
immediately  two  ways  in  which  the  operational  flight  envelope 
can  be  affected  by  such  an  increase  in  weight,  assuming  that 
the  helicopter  has  a  developed  operational  flight  envelope. 

The  increased  transmission  weight  in  one  instance  amounts  to 
an  increase  in  empty  weight.  By  imposing  a  constant  gross 
weight,  the  useful  load  or  payload  is  reduced  by  the  amount 
that  the  transmission  increases  in  weight.  In  addition,  fur¬ 
ther  reductions  in  useful  load  are  brought  about  by  secondary 
structural  weight  increases  associated  with  maintaining  fixed 
crash-load  requirements.  Effects  upon  ship  empty  weight  by 
component  weight  changes  have  teen  discussed  extensively  in 
Reference  13  for  the  medium-gross-weight  helicopters.  This  in 
turn  relates  directly  to  the  cost  of  operation  of  the  heli¬ 
copter,  in  that  less  cargo  tonnage  can  be  transported  per  unit 
time,  fewer  personnel  can  be  transported  per  unit  time,  or 
fewer  rounds  can  be  loaded  for  an  ordnance  firing  mission. 

The  statistical  effect  of  reduced  payload  would  be  a  function 
of  the  actual  magnitude  of  transmission  and  system  weight  in¬ 
crease;  however,  the  influence  of  the  flight  spectrum  on  gross 
weight  distribution  would  not  be  large  except  where  operation 
of  the  helicopter  is  at  maximum  gross  weight  primarily  for 
every  takeoff.  The  histogram  of  the  gross  weight  spectrum 
would  be  shifted  toward  the  high  end  by  some  amount  depending 
upon  the  distribution  mean  and  the  weight  increase.  If  opera¬ 
tion  is  normally  with  somewhat  jess  than  maximum  gross  weight 
at  takeoff,  then  the  effect  of  reduced  payload  is  nil.  The 
approach  to  an  assessment  of  the  effect  of  reduction  in  pay- 
load  would  be  to  analyze  a  sampling  of  operational  vehicles  in 
various  commands  and  determine  gross  weight  histograms.  The 
effect  of  reduced  payload  could  then  be  directly  related  to 
actual  operational  requirements,  and  a  relative  cost  factor 
could  be  determined  for  operation  at  reduced  payload.  This 
information  is  not  presently  available. 

However,  in  the  case  of  a  new  helicopter  design,  certain  per¬ 
formance  specifications  must  be  met  (such  as  hover  at  4000  ft, 
95°F),  and  the  weight  increase  for  extended  transmission  TBO 
could  realistically  reflect  further  increases  in  rotor  diameter 
and  weight.  In  order  to  develop  a  sufficiently  general  equa¬ 
tion  and  yet  retain  a  simplistic  approach,  the  factor  of  3:1 
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on  total  transmission  weight  increase  will  be  used  for  assess¬ 
ing  the  quantity  of  fuel  consumed  for  cost  purposes  only.  The 
approach  used  to  derive  the  original  incremental  penalty  will 
simply  be  to  trade  the  increased  weight  for  a  reduction  in 
fuel  quantity.  The  reduced  operational  flight  envelope  would 
then  be  affected  by  endurance  or  range  restriction.  As  with 
the  reduced  payload,  the  gross  weight  would  be  constant,  but 
in  this  case  the  payload  would  also  be  constant.  The  tradeoff 
for  the  weight  variable  would  be  extended  life  obtained  by  in¬ 
creased  transmission  weight  at  the  expense  of  reduced  range  or 
endurance . 

The  basis  for  the  A-weight/A-endurance  tradeoff  is  predicted 
on  the  following  assumptions: 

1.  Vehicle  gross  weight  is  constant  for  all  TBO  levels. 

2.  Vehicle  payload  is  constant  for  all  TBO  levels. 

3.  Direct  operational  costs  will  be  based  on  fuel  costs 
in  the  RVN  theater. 

4.  An  average  specific  fuel  consumption  is  used  for  all 
three  power  levels.  This  is  to  be  0.70  lb/hr/hp. 

Table  XVI  reflects  certain  existing  trends  in  turbine -powered 
helicopter  design  and  operational  characteristics.  The  infor¬ 
mation  was  extracted  from  detail  specifications  for  each  model. 

The  formulas  used  to  equate  weight  increase  to  additional 
operating  cost  are: 

1.  ACq  =  (AT)(Co) 

2.  AT  =  (AW)/<SFC)(Pm) 

ACq  =  additional  cost  of  operation,  $/hr 
AT  =  loss  of  flight  time/mission,  hr 
CQ  =  cost  of  operation,  $/hr 
AW  =  weight  increase  for  extended  TBO,  lb 
SFC  =  specific  fuel  consumption,  lb/hr/hp 
Pm  =  mean  mast  power 

Credibility  of  the  above  formulation  is  advanced  by  the  infor¬ 
mation  in  Reference  1,  wherein  histograms  of  flight  lengths  and 
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flying  mission  lengths  are  shown.  If  it  were  assumed  that 
every  flight  would  be  as  long  as  maximum  endurance  predicated 
on  fuel  quantity,  then  the  AC0  above  would  be  inconsistent 
with  actual  operating  cost  increase.  The  required  refueling 
time  and  lost  motion  involved  would  then  be  effective  in  the 
increased  cost  figure.  However,  as  can  be  seen  in  Figures  12 
and  13,  the  flight  lengths  and  flying  mission  lengths  are  con¬ 
siderably  less  than  maximum  endurance.  Therefore,  the  re¬ 
quired  additional  refueling  times  are  very  few,  since  the 
relative  number  of  flying  mission  times  above  3  hours  are 
fewer  than  0.1%. 

The  effect  of  increased  transmission  weight  on  cost  is  deter¬ 
mined  by  assessing  the  cost  of  fuel  load  required  to  satisfy 
the  conditions  of  preserved  range  or  preserved  endurance.  The 
specific  fuel  cost  in  the  RVN  theater  is  the  basis  for  this 
analysis.  This  has  been  determined  to  be  $0,016  per  pound. 

On  that  basis,  CQ  is  determined  as  follows: 

CQ  =  (0.016)(SFC)(HPavg)  (Reference  Parametric  Discussion) 

=  ( .016) ( . 7 ) ' .65 )(667)  =  $4. 80/hour  (twin  500) 

=  (.016)(.7)(.65)( 2000)  =  $14. 50/hour  (twin  1500) 

=  (,016)(.7)( .65) (6400)  =  $46. 5/hour  (twin  4800) 

For  an  average  mission  endurance  of  3.37  hours  (Table  XVI) 
Formula  1  reduces  to: 

3.  ACq  =  ( AWj,  =  Transmission  Weight  Increase) 

=  .0046  AWt 

An  assessment  of  the  penalty  incurred  for  overweight  poundage 
is  provided  through  the  use  of  the  previously  discussed  3  to  1 
multiplication  factor  (see  page  111).  As  previously  noted, 
this  factor  is  used  to  account  for  the  additional  power  re¬ 
quired  for  normal  flight,  additional  fuel  weight,  additional 
structure  for  fuel  capacity,  ballast,  etc.  The  cost  per 
flight  hour  figures  shown  in  Table  XVII  are,  therefore,  arrived 
at  by  finally  modifying  equation  3  above  as: 

4.  ACost  =  (3)(  .0046)  AW? 

=  .0138  AWt 

The  results  of  the  weight  and  cost  analysis  are  shown  in 
Table  XVII. 
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Percentage  of  Flights 


Percent***  of  Flying  Mission 


Average  t, 3  Minutes 


Figure  13.  Model  AH-lG  Flying  Mission  Ungths. 


113 


TAHli.  XVI.  T YPICAl.  IIKI.KX)l»rKM  DF„S I liU  AHO 
OPKHATltMl.  OUNACTKMISTK^S 


Mo’cl 

Fuel 

Capdi  1 t  y 

(lb) 

SFO 

( lb/hr/bp; 

Rxftge 

(<»  «i  ) 

K*l  l«al  e<l 
K«)ur»iut 
(l«r) 

Fuel 

He  terve 
(lb) 

uii-1a 

107.* 

0.  71V 

770 

3.0 

107.? 

1)11-  1 B 

i  V77 

0 .  <>30 

374 

- 

1‘jV.O 

u:i-lc 

1<>00 

o.*vs 

37  7 

3 . 3‘> 

1  <>0 . 0 

mi -id 

17  30 

O 

o 

704 

3 .  <> 

1/7  ».r 

D'l-lK 

1730 

.<>00 

704 

3.4 

1/7  br 

tm-iF 

4‘j} 

.  70<> 

7<>0 

3 .  'i 

4f» ,  0 

UII-IC 

13«l 

.  V)  7 

760 

• 

13H.0 

Heart 

14.4*,.  OJ 

,fcV> 

74H 

3.37 

lO'!.  Fuel 
Capac  Ity 

Assumpl  ions  i 

l,  (iot  slant  groaa  weight 

,  Reduced  fuel  capacity  or  reduced  payload 

n>e  specification  ciulufani  c  of  moat  helicopters  need  in  i  lie 
HV*i  theater  la  approx  i  ma  t  e  l  y  3.}  hoot  o  with  a  specific  fuel 
consumption  of  to  .7  lb  hr  hp  (Table  XVI).  In  the  specif! • 
t at  ion  of  fuel  load,  enduraflc  e ,  and  range,  there  ia  a  fuel 
(Hirtion  allotted  for  Warm-up  and  preflighl  hover  and  another 
(Kirtion  for  reserve,  The  range  then  ia  a  function  of  the  re¬ 
maining  fuel  capacity  and  provides  from  1*30  to  3.‘i  milco  range 
without  tie  uae  of  the  reserve  fuel. 

In  Keferelue  l  it  woe  shown  l  hat  for  three  Hell  helicopter* 
t!ie  total  o|>eration  time  Waa  divided  into  averages  of  77.  V’. 
ground  time  and  flight  time.  Also,  it  wa*  ohowti  that 

the  All-10  and  Uli-IH  flight  lengths  averaged  h3  mintitra  and 
?l>  einutea,  respectively;  flying  miaalon  letigllia  averaged  *>3 
minutes  aid  31  minutes,  respectively.  From  these  alatiatirs, 
it  can  be  s!  own  that  a  very  apprer  (able  amount  of  military 
helicopter  operation  time  the  RV'i  theater  is  a|>ent  in 
ground  ojwratlon  or  1  it  hover  maneuvers. 

Since  only  about  one-third  of  the  flight  time  capability  is 
used  in  flight  operation,  the  significance  of  a  reduction  in 
fuel  capacity  of  as  much  a*  10’.  (this  would  generally  amount 
to  100  lb)  is  sliglt.  For  example,  this  10".  decrease  would 
amount  to  approximately  30  minutes  of  cruise  on  the  bti-llt  and 
would  reduce  the  endurance  to  approx ima t e l y  3  hours.  In  the 
flying  mission  histogram  (Figure  13),  it  waa  si  owr  that  only 
about  l".  of  the  flight  spectrum  was  devotee)  to  operation  in 
excess  of  3.i  hours.  Thus,  if  an  extended  TBO  period  were 
stipulated  by  design  specification,  the  extended  TM0  could  be 
acc ampl i shed  at  the  expense  of  a  reduction  in  fuel  capacity 
without  affecting  over  90".  of  tie  current  missions. 

In  on-cr  of  significance,  the  gross  wcigl  t  spectrum  next  en¬ 
ters  in: o  the  effect  of  reduced  fuel  c apac  ity.  If  the  rela¬ 
tive  imjtorlance  is  assumed  to  be  greater  for  range  llan  for 
payload,  then  the  grosa  weight  would  be  constant,  the  payload 
(educed  an  amount  ,  and  the  fuel  c apa<  ity  in  reused  a  like 
,«mo  i-l.  Justification  for  this  deviation  from  the  present 
B(>ec  i  f  i  c  at  ion  wo  ild  ariae  from  a  spectrum  wt-erein  the  |>erc  cm  - 
age  of  time  at  ma*.IfSuJ»  groaa  weight  would  he  rxjiected  to  be 
small,  as  was  the  percentage  of  lime  in  maximum  endurance 
flights  as  seen  above. 

U» 


In  eltter  event,  in  terma  of  at  tool  dollar  expenditure  for 
materials  anti  oervite,  I  'ie  extended  THO  design  wo  >  1  •!  become 
immediately  desirable  In  a  tradeoff  of  eiltter  veltit  le  range 
or  pa*/lo..d,  witen  neitlier  of  the  latter  la  a  igni  t  Irani  1  y  ex¬ 
ploited,  Redut t ion  in  logistics,  l  rana  |K»rt  at  lent  coals,  a>  *1 
overhaul  toata  attained  by  fewer  overhaul  t  yt  lea  atni  leaa  at  - 
tUal  hardware  tonal  itglea  a  real  expenditure  tlet  reaae  ;  white 
the  loaa  or  shrinking  of  an  operating  envelope  that  ia  seldom 
Uaetl  ill  tie  limit  a  would  tonal  ilule  an  imaginary  expenditure 
ini  reaae  . 

RKtXlCKU  Al.U>UAHlXS 

rranaiettt  or  brief  opera  l  ing  periods  at  |>OWer  levela  above  the 
maximum  design  power  level  incur  depending  upon  tleaign  cri¬ 
teria,  lot  ale,  and  c  i  rt  uma  t  ant  ca  . 

Outing  aucti  overj»ower  perioda,  the  gear  and  bearing  bulk  t«  • 
peralurce  may  increaae  under  the  influent  e  of  the  additional 
frit  lion  loaaea.  Theee  higher  l  e«|»e  r  a  t  or  es  serve  to  lower 
lubricant  viscosity  in  the  load  con  June t ion a  ,  thua  reducing 
e  1  aat  ohydrodynamit  (1310)  film  thickneaa  at  these  toniatla. 
for  a  given  aurface  roughness,  the  ratio  of  film  thickneaa  to 
rom|>oeiie  roughneaa  of  the  contacting  bodiea  ia  reduced, 
n> i a ,  in  turn,  may  additionally  increaae  the  actual  peak 
at  reaaes  lit  theae  contacla  (above  tltat  due  aioply  to  l  l»e  in¬ 
cremental  over|>ower  loa«l  increaae)  either  due  to  increaeed 
traction  forces  or  a  imply  more  direct  and  leaa  cuahioned  con¬ 
tact  between  tbe  aaperillea  of  the  given  rougbneaa.  Theae 
peak  atreaa  valuea  frequently  initiate  aurface  fatigue  or 
cracking,  which  may  hydrao l ic a l 1 y  propagate  in  the  thin  ayn* 
thetic  oil  environment  or  produce  gear  acufflng  or  bearing 
raceway  smearing,  depending  upon  tbe  energy  denail  y  in  the 
cor. tact  , 

Qurmical  effecta  in  tbe  con  jur.ct  ion  environment  have  alao  been 
abown  to  influence  failure  mode  and  propagal ion  rale  in  theae 
near-boundary-layer  lubrication  regimea  (Reference  12). 

The  gear  pitting  fatigue  failure  mode  occurs  moat  frequently 
in  the  low  pitch-line  velocity  -  final  rotor  drive  poriiona  of 
the  transmission.  However,  in  low-apeed  meaheo,  the  atreaa 
cycle  accumulation  rale  at  overpower  condliiona  may  not  cauae 
premature  failure  at  tbe  1200-hour  TRO  level.  With  an  ex¬ 
tended  TRO  period,  cycle  accumulation  can  attain  a  damaging 
level  aufficient  to  cauae  premature  failure. 

A  atudy  of  the  power  apectrum  of  the  AH-lCl  (Reference  l)  waa 
made  to  tleiermlne  a  repreaent  al  i  ve  overpower  frequency.  lhe 
tranamiaaion  uaed  in  thia  helicopter  attaina  an  MTHR  of  90". 
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or  l(o  si  hedu  1  ed  I luO  hour  Ttll)  (Itrference  ?).  ll  Is  powered 
by  a  1<*0U  h|i  sea-level  ol  andard  day  rated  turbine  engine.  tl>e 
helitopl  <r  is  «(|ui|i|t«i)  win.  a  I  r  Otis's  lost  on  systce*  rated  for 
operation  at  l.’SO  amleus,  will.  tarres|tond  ihg  lorquemeler  red 
line  Markings  in  the  cockpit. 

n  e  power  spectrum  analysis  on  Monitored  AH  l (.  helicopters  in 
t  l*e  MV’t  theater  (Figure  2)  reveals  that  1  .V<7t  *•(»*•  rat  ion*  l  tier 
was  sfrent  above  llOO  tip  with  .0071,  at  tire  engine  rating  of 
IkOO  lip,  For  the  1100-hour  TWO,  this  helicopter  l  raltsmi  ss  ion 
sees  1 7 .  7  hours  above  design  (rower  and  .ON  hour  at  engine 
rat (ng . 

Utile  this  represents  but  ji  Million  cycles  at  elevated 
stresses  on  the  final  stage  sun  gear,  the  f  requent  replac  ement 
of  these  parts  at  overhaul  (Reference  ’)  su|>|K>rt  s  the  conlen- 
tiot.  that  the  wear  condition  would  be  intolerable  at  an  in¬ 
crease  of  three  or  sin  times  cyclic  exposure  in  the  extended 
life  '  rahsaisslon .  Consequently,  in  the  design  or  the  extended 
life  transmission,  it  is  necessary  to  employ  a  reduction  factor 
for  establishing  safe  operating  stresses.  TT*  i s  factor  was  set 
equal  to  the  ratio  of  (rower  available  to  the  drive  sysles  de¬ 
sign  power t 


Overpower  Factor 
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Design  Power 
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This  factor  is  applicable  only  to  the  planetary  reduction 
gears,  since  the  primary  reduction  stages  are  designed  for 
100-?.  single-engine  power.  T"he  design  allowable  for  c oppres¬ 
sive  stress  of  170,000  psi  (assuming  well-aligned  parallel 
gear  meshes  with  minimised  stress  concentration  at  tooth  ends) 
was  established  on  the  1200-hour  TOO  design,  and  the  1.12  fac¬ 
tor  was  applied  to  the  3000-hour  and  6000-hour  designs.  Since 
the  Idealised  compressive  stress  varies  as  the  square  root  of 
the  power  level  (for  constant  speed),  the  design  allowable 
stress  at  normal  rating  was  thereby  decreased  to  160,000  psi. 

As  previously  discussed,  the  true  derating  stresses  probably 
increase  substant lal ly  faster  than  the  ideal  iced  square  root 
relationship  (accounted  for  by  the  1.12  factor)  in  conjunctions 
where  the  ratio  of  0(0  film  thickness  to  composite  roughness 
is  less  than  unity.  Therefore,  the  extended-life  design  must 
embody  additional  improvements  in  these  areas.  The  effects  of 
misaligned  contacts  can  never  be  property  assessed  in  initial 
design.  However,  measures  to  improve  t he  composite  surface 
roughnesses  in  the  conjunctions  and  to  limit  the  overload 


120 


sites*  concentrations  ■  an  and  must  be  taken  (Reference  12). 
Final  honing  of  t lie  gear  teeth  satisfies  the  former  require¬ 
ment,  and  the  latter  can  he  fulfilled  by  using  tooth  crowning 
(or  end  relief),  adequate  involute  profile  modi f icat ion#  to 
promote  load  sharing  between  adjacent  tooth  pair*,  increaeed 
compliance  in  the  planetary  carrier  utructure  and  ring  gear 
support  to  asuure  load  sharing  among  the  various  planet  idler 
gears,  and  relatively  compliant  bearing  outer  ring  support 
structure  to  permit  outer  ring  conformance  to  the  load  with  an 
attendant  increase  in  the  number  of  rolling  elements  in  the 
load  cone. 

The  application  uf  the  1.12  load  factor  results  in  Increased 
weight  of  gear  nd  bearing  elements,  while  the  referenced 
measures  to  refine  surface  roughness  and  promote  load-limiting 
geometric  conformity  in  the  conjunctions  Induce  higher  manu¬ 
facturing  costs  by  virtue  of  the  additional  process  time  in¬ 
volved,  The  costs  associated  with  the  weight  increase  are 
relatively  constant  over  the  useful  life  of  the  transmission. 
The  additional  cost  factors  used  to  produce  belter  surface 
finishes  are  related  to  machining  processes  that  are  subject 
to  future  cost  reduction  as  they  become  mo-e  widely  used. 
Although  this  potential  reduction  was  not  assumed  for  purposes 
of  this  study,  it  does  represent  an  area  of  future  cost  re  - 
due  t  ion . 

HAOMMSG  asp  PROCESS  ISC  POSTS  KOK  EXTENDING  TBO 

Processing  variable  controls  requisite  to  attainment  of  high 
gear  life  are  associated  with  active  profile  surface  texture 
and  topography.  Planetary  gear  profiles  in  the  UH-l  planetary 
assemblies  are  manufactured  according  to  normal  aircraft  gear 
grinding  and  finishing  techniques.  Surface  finishes  are  20AA 
or  better,  waviness  requirements  are  within  .000070  inch,  and 
profile  errors  are  within  .0002  inch.  The  lower  planetary 
assembly  operates  satisfactorily  at  1100  bp  with  no  distress 
at  a  calculated  surface  compressive  stress  of  1S6.000  psi. 

These  same  planetary  idlers  have  been  tested  satisfactorily  at 
2200  hp  at  a  calculated  surface  compressive  stress  of  170,200 
psi  without  distress.  Lead  misalignment  between  sun  and  planet 
or  ring  and  planet  gear  teeth  is  precluded  by  the  carrier  de¬ 
sign;  hence,  there  is  no  end  overloading  in  these  meshes  due 
to  misalignment.  However,  the  ring  gear  face  width  is  con¬ 
siderably  less  than  the  planet  gear  face  width,  and  end  effects 
are  present.  These  are  similar  to  the  end  loading  effects  in 
uncrowned  cylindrical  roller  bearings.  The  actual  load  condi¬ 
tion  produces  a  peak  compressive  stress  at  the  ends  of  the  ring 
gear  teeth  that  is  much  higher  than  the  .lominal  calculated 
stress  Such  a  stress  distribution  is  quite  satisfactory  for 
the  UH-l  TBO  period  of  1100  hours,  and  perhaps  to  2000  hours. 
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However,  lo  extend  the  Life  to  3000  or  6000  hours  requires  u 
reduction  of  these  end  effects  that  will  reduce  the  peak 
stresses  to  the  nominal.  vaLucs  for  u  more  even  axiuL  Load  dis¬ 
tribution.  The  upper  pLanetary  assembly  in  the  UH-L  does  not 
have  ideal  alignment  in  the  gear  teeth  under  all  load  condi¬ 
tions.  The  carrier  deflects  under  Load  in  such  a  manner  that 
t tie  upper  end  of  the  sun  geur  teeth  would  absorb  more  Load 
than  the  nominal  calculated  gear  load.  Helix  or  lead  slope 
correction  to  provide  parallel  alignment  at  nominal  values  of 
900  hp  is  used.  At  higher  power  LeveLs,  the  upper  ends  of  the 
teeth  operate  under  a  higher  stress  than  occurs  with  an  evenly 
distributed  load.  Again,  TB0  could  not  be  extended  signifi¬ 
cantly  under  these  operating  conditions  (Reference  2).  How¬ 
ever,  test  work  reported  in  Reference  12  reveaLs  that  under 
he  very  thin  film  lubrication  regimes  occurring  in  this  mesh 
life  (as  defined  by  the  pitting  failure  mode)  is  relatively 
insensitive  to  load  distribution  alone.  It  becomes  necessary 
to  change  lubrication  states  and  to  use  differential  hardness 
materials,  in  addition  to  improving  load  distribution. 

Modification  of  the  basic  design  to  include  geometric  refine¬ 
ments  that  will  allow  Longer  gear  life  requires  additional 
machine  operations  in  manufacture.  Additional  machining  is  in 
the  nature  of  honing,  crowning,  and  Lead  modification,  which 
normally  w'lild  not  be  accomplished  on  a  gear  for  a  low  TB0 
gearbox  design.  In  this  instance,  the  lubrication  state  is 
changed  by  surface  finish  improvement  rather  than  by  a  lubri¬ 
cant  viscosity  change  since  the  lubricant  is  specified. 

An  average  cost  figure  based  on  the  incorporation  of  the  above 
refinements  in  recent  production  UH-l  gearboxes  is  used  as  an 
additional  processing  factor  for  the  extended  TBO  gearboxes. 
This  figure  is  set  at  $200  for  the  upper  and  lower  planetary 
assemblies  used  in  the  UH-l  i  ain  transmissions.  This  value  is 
used  in  determining  the  additional  processing  costs  of  the 
planetary  gears  in  the  extended  life  transmissions.  For  the 
inc  rcmental  increase  in  cost  attributable  to  additional  pro¬ 
cessing,  it  is  assumed  that  this  cost  increase  is  a  linear 
function  of  horsepower.  Figure  14  shows  that  a  Linear  rela¬ 
tionship  exists  between  horsepower  and  weight.  Therefore, 
since  larger  and  heavier  gears  normally  require  greater  pro¬ 
cessing  time  than  smaller  counterparts,  the  assumption  of 
linearity  between  additional  processing  cost  and  horsepower 
is  sufficiently  accurate.  The  respective  additional  manu¬ 
facturing  costs  shown  below  are  determined  by: 

No.  Planetary  AsBys  x  $200 


A^ost  = 


V'PUH-1H ) 
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Figure  14.  Transmission  Weight  Vs  Horsepower. 
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Transmission 

TBO 

Twin 

500 

1200 

3000 

6000 

Twin 

1500 

1200 

3000 

6000 

Twin 

4800 

1200 

3000 

6000 

Cost ,  $/ 

A  Cost ,  $  Fit  Hour 


60 

.02 

60 

.01 

364 

.121 

364 

.06 

1160 

.388 

1160 

.194 

MATERIAL  COST  FACTORS 


The  changes  required  to  attain  a  3000-hour  TBO  evolve  only 
from  higher  bearing  and  gear  life  requirements.  The  materials 
used  in  the  3000-hour  TBO  designs  are  the  same  as  the  1200- 
hour  designs,  but  bearing  and  gear  sizes  are  larger.  No  mate¬ 
rial  cost  changes  were  incurred  in  changing  certain  cases  from 
magnesium  to  aluminum.  The  bearing  sizes  in  the  6000-hour  TBO 
transmission  are  the  same  as  the  1200-hour  TBO  transmission, 
but  the  material  is  conformally  forged  consumable  electrode 
vacuum-arc-remelt  AISI  M-50  steel  rather  than  degassed  AISI 
52100  steel.  The  following  estimates  are  made  for  bearing 
costs  of  the  nine  transmissions  considered  in  this  study: 


Transmission 

TBO 

Total 
Bearing 
Cost  $ 

A  , 

Cost,  $ 

Additional 
Cost  $/ 
Fit  Hr 

Twin  500 

1200 

213 

_ 

3000 

265 

52 

.017 

6000 

638 

425 

.071 

Twin  1500 

1200 

1840 

- 

_ 

3000 

2300 

460 

.153 

6000 

5620 

3780 

1.26 

Twin  4800 

1200 

4680 

_ 

_ 

3000 

5850 

1170 

.39 

6000 

14100 

9420 

1.57 

TRANSMISSION  EXCHANGE  DOWN  TIME  AND  MAINTENANCE 


The  effects  of  down  time  for  gearbox  change  are  not  considered 
in  this  report,  since  documented  information  was  not  obtain¬ 
able.  The  temporary  loss  of  the  helicopter  for  gearbox  change, 
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however,  can  represent  a  very  sizeable  cost  as  well  as  present 
a  hazard  to  the  safety  of  a  combat-operational  command.  It  is 
conjectured  that  the  actual  costs  of  removing  and  replacing  a 
gearbox  would  be  minimal,  while  the  lag  in  supplying  the  gear¬ 
box  to  the  helicopter  could  amount  to  a  time  interval  suf¬ 
ficient  to  entirely  override  the  cost  effectiveness  of  any 
developed  TBO.  However,  this  omission  serves  only  to  lend 
conservatism  to  the  final  study  results. 

Periodic  maintenance  for  the  extended-life  transmission  is  to 
be  the  same  as  presently  required  on  UH-1  helicopters  in  the 
RVN  theater.  Specifically,  the  transmission  periodic  mainte¬ 
nance  (25-hour  interval)  is  as  follows:  Inspect  transmission 
and  connections  for  damage  and  oil  leaks.  Check  sump  for 
water  contamination  and  for  oil  level.  Check  transmission  oil 
filter  for  bypass  indication  if  so  equipped.  Inspect  and 
clean  transmission  oil  screen  and  magnetic  plug.  On  electrical 
chip  detector,  check  continuity. 

OVERHAUL  AND  TRANSPORTATION  COSTS 

The  cost  of  overhaul  and  transportation  of  the  nine  trans¬ 
missions  developed  in  this  study  is  based  on  the  costs  re¬ 
ported  from  U.  S.  Army  Aeronautical  Depot  Maintenance  Center 
in  Corpus  Christi,  Texas,  and  results  of  a  study  performed  by 
Sikorsky  Aircraft  for  U.  S.  Army  Aviation  Systems  Command, 

St.  Louis,  Missouri  (contract  DAAJ01-68-C-1395( c) ) . 

Overhaul  and  transportation  costs  of  seven  transmissions 
(UH-1,  Vertol  CH-47  forward,  aft,  and  combining  gearboxes, 
and  Sikorsky  CH3A,  CH3C,  and  CH53)  were  analyzed,  with  re¬ 
sults  shown  in  Table  XVIII.  The  quantity  of  transmissions 
reviewed  in  a  5-month  period  as  reported  in  Reference  2  (173 
UH-1 '  s ,  40  CH-47' s  forward,  32  CH-47 's  aft,  and  5  CH-47* s 
combining)  in  conjunction  with  their  respective  weights  and 
overhaul  costs  indicates  that  overhaul  costs  could  generally 
be  predicted  as  shown  in  Figure  15.  Transportation  costs  as 
shown  in  Table  XVIII  indicate  that  transmission  weight  and 
size  are  instrumental  in  determining  general  transportation 
costs.  It  is  not  expected  that  quantity  of  transmissions 
would  appreciably  influence  the  transportation  costs.  The 
curve  shown  in  Figure  16  is  based  on  the  information  in  Table 
XVIII  and  the  respective  weights  of  the  transmissions  shown. 
Transportation  costs  of  the  nine  transmissions  developed  in 
this  study  were  then  based  on  this  curve.  Further  justifica¬ 
tion  is  given  below,  wherein  very  high  MTBR's  would  be  attained. 

It  is  anticipated  that  the  extended-life  transmission  would 
not  incur  part  replacement  frequency  as  high  as  the  low  TBO 
gearboxes.  Those  areas  of  wear  that  are  normally  tolerable 
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TABLE  XVIII.  OVERHAUL  COST  BREAKDOWN 


for  low  TBO,  auch  a»  wear  due  to  bearing  inner  ring  creep  on 
the  abaft,  bearing  apacer  wear,  and  gear  profile  wear,  are 
apeclfically  designed  so  as  to  be  eliminated  from  tbe  ex¬ 
tended  life  transmissions.  In  like  manner,  tbe  allowable 
stresses  are  low  enough  to  prevent  spalling  fatigue  failure 
in  gears  and  bearings. 

Hearing  ring  creep  is  eliminated  by  reducing  gear  reaction 
loads  through  use  of  larger  gears  and  by  proportioning  gear 
shaft  and  bearing  diameters  to  provide  interference  fits  suf¬ 
ficient  to  preclude  creep  even  at  overtorque  conditions. 
Hearing  spacer  wear  is  normally  eliminated  when  ring  creep  is 
el (minuted. 

fiear  profile  wear  is  eliminated  by  virtue  of  reduced  allow¬ 
ables.  Under  normal  operating  conditions,  the  meshing  gears 
are  separated  by  an  appreciable  lubricant  film,  so  asperity 
contacts  (wear)  are  nonexistent.  At  overtorque  conditions, 
the  transmitted  gear  loads  arc  increased  and  the  resulting 
thermal  rise  is  equivalent  to  that  normally  experienced  at  the 
stabilized  operating  Level  of  the  Low  TBO  designs.  Random  as¬ 
perity  contact  may  be  made,  but  wear  is  not  significant  since 
overtorque  duration  is  Low. 

The  overhaul  costs  reflected  in  Figure  15  would  then  represent 
prcbable  upper  limit  for  transmissions  designed  for  extended 
Life. 

RELIABILITY 


Gear  and  bearing  design  data  and  functional  data  are  tabulated 
for  each  transmission  and  presented  after  each  respective 
transmission  layout.  The  information  included  in  the  tables 
was  used  to  calculate  generic  failure  rates  of  both  the  gears 
and  the  bearings  (Tables  XIX  and  XX). 

Gear  pitting  failure  rates  were  determined  from  composite  life 
calculations  based  on  a  dispersion  exponent  of  5.5.  The  re¬ 
sulting  composite  pitting  lives,  while  short  of  TBO  in  each 
case,  reflect  the  increase  in  Life  obtained  through  design  to 
reduced  allowable  stresses.  The  pitting  Life  of  each  gear  was 
calculated  at  L00%  design  Load,  while  the  cubic  mean  power 
Level  was  previously  determined  to  be  657.  of  maximum  design. 

No  calculations  were  made  at  the  mean  power  level.  However, 
since  the  gears  are  not  treated  in  the  same  statistical  manner 
as  the  bearings,  the  relative  reliability  indexes  given  will 
suffice  for  comparing  the  extended  life  designs  with  the  base 
line  design. 
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uctierit  failure  rate*  ate  shown  for  bearing*  In  each  trail** 
mission,  aii<)  t  tie  prog  re  a  *  l  ve  1  y  extended  THO  l  ranamies  ion*  ex¬ 
hibit  lower  t  liarac  terial  ic  failure  rate*.  The  I40  THO  design 
life  ratio  requirement  a  of  the  baa*  line  l?00-hour  Iran*- 
miaaion*  are  conaiderably  higher  ttian  Die  reapeillve  3000  hour 
and  hOOO-hour  *  •anamiaa  Iona ,  yet  the  failure  rate*  are  inher¬ 
ently  lower  for  extended  life.  The  tabulated  rate*  suggest  an 
incrraaed  reliability  of  the  extended  life  l ranami a* i on*  de¬ 
spite  Die  leaa  stringent  relative  L^o  requirement*. 

flon*  ider  ing  ttie  poor  basic  correlation  atiown  between  calculated 
bearing  Uvea  and  otiaerved  failure*  reported  in  Referent  e  , 
there  exiata  little  Jua t i f i ca t i on  tor  further  ataliatiiul 
t  rea’uietti . 

Validation  of  the  coat  per  flight  hour  data  preaented  in  thia 
atudy  require*  Die  tacit  aaaumpt  ion  that  ttie  ratio  of  mean 
time  between  rework  (MTBR)  to  TBO  ia  constant  at  all  three  TBO 
design  level*.  Ttie  real  co*t  per  flight  hour  for  a  given 
transmission  is  strongly  influenced  by  MTBR.  Increasing  TBO 
without  increasing  Die  transmission  reliability  proportionately 
wouLd  not  only  resuLt  in  an  unsatisfactory  maintainability,  but 
would  also  increase  the  relative  cost  per  flight  hour  values 
for  Die  extended  life  versions  above  the  values  shown.  For 
simplicity  of  the  study,  the  MTBR  is  considered  to  be  coinci¬ 
dent  to  the  TBO.  Design  measures  have  been  taken  to  provide 
increased  life  at  a  constant  reliability  level  for  each  in¬ 
creased  TBO  design  in  order  to  ensure  this  desired  proportion¬ 
ality.  While  the  resulting  absolute  dollar  value  rates  may  be 
optimistic,  their  relative  values  should  remain  accurate. 
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tabu:  XIX 

.  i.UMUt-ArtVK  liMK 
CKNKKIC  FAIt.llkK 

l.IVKS  AND 

rati: 

TRANSMISSION 

khilTiUnBfv  Y  7 

ruin  500  III* 

1  .’00 -Hour  TBO 

3M, 

3.2  70 

2.7  32 

3000 -Hour  THO 

•’4  1 

7 . 1  (.0 

2.38  7 

0000-Hour  TBO 

*10 

14.220 

7,387 

Twin  1500  HP 

1  300-Hour  TBO 

404 

2 .  OHO 

2.155 

3000 -Hour  TBO 

40  7 

0.030 

2.012 

'.000-Hour  TBO 

40  7 

12.072 

2.012 

Twin  4800  HP 

1200 -Hour  TBO 

1122 

1.070 

.801 

3000 -Hour  TBO 

1140 

2.018 

.873 

0000 -Hour  TBO 

1140 

5.230 

.873 
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tabu:  XX. 

COMPOSITE  HEARING 

LIFE  AND 

GENERIC 

PAIUiRE  RATKS 

Coa|>o» 

!tc  life 

Failure 

Rate 

Tranami  aa  ion 

L10 

L50 

TBO/l.^0 

iooo/i.50 

Twin 

500 

U’OO-Hr 

TBO 

1026 

3100 

.3871 

.3225 

3000-Hr 

TBO 

3338 

5375 

.5582 

.1861 

6000-Hr 

TB0 

7  390 

11898 

.504  3 

.1353 

Twin 

1500 

1200-llr 

TBO 

1591 

2561 

.4686 

.3905 

3000-hr 

TBO 

2457 

3955 

.  7585 

.2528 

6000 -Hr 

TBO 

6314 

10165 

.5902 

.0984 

Twin 

O 

o 

00 

1200 -Mr 

TBO 

1335 

2150 

.5582 

.4652 

3000-Hr 

TBO 

2529 

4071 

.7369 

.2456 

6000-Hr 

TBO 

5262 

8471 

.7083 

.1180 

QOHeUDMOMS 

On  t  lie  t>c*  m  1  m  of  overhaul  and  t  ranspor  tat  (on  co«t«  a#  well  a* 
fuel  cost  In  t tie  KVN  (fleeter,  the  tradeoff  study  show#  that 
the  3000-hour  TttO  design  and  the  f»000-hour  design  are  roat  ef¬ 
fective.  A»  shown  in  Figure  17,  the  extended  life  design*  are 
coat  effective  at  all  power  level#  with  relatively  decreasing 
cost  of  operation  a a  a  function  of  lncreaalng  time  between 
over hau 1 . 

Final  design  optimisation  of  a  transmission  would  be  attained 
through  the  use  of  conventional  bearing  mater  lain  (SAK  S2100 
steel)  in  certain  locations  that  do  not  critically  demand  ex¬ 
tremely  high  endurance  character ixt ica  obtained  from  the  more 
expensive  M-  SO  ateel  bearings.  Ttte  tiybrld  use  of  these  less 
expensive  bearings  would  result  in  the  most  cost  effective  TBO 
transmission.  In  summary: 

1.  Extended-life  transmission  design  is  feasible  and  cottt 
effect ive . 

2.  Design  optimization  would  provide  a  maximum  overhaul 
life  commensurate  with  minimum  cost. 

3.  Increased  life-transmission  design  provides  equal  or 
better  reliability  with  lower  fullure  rates  than  low¬ 
life  counterparts. 
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TABLE  XXI.  EXTENDED-: 
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RECOMMENDATIONS 


1.  Design  requirements  for  future  Army  helicopter  transmission 
systems  should  specify  extended  TBO  levels. 

2.  Maximum  allowable  surface  compressive  stress  in  low-speed 
gear  teeth  should  be  160,000  psi  for  extended-life  trans¬ 
mission  design. 

3.  Gear  and  bearing  designs  should  be  optimized  to  provide  the 
maximum  ratio  of  EHD  film  thickness  to  composite  surface 
roughness  in  load  conjunctions  to  provide  wear  resistance 
for  extended  life. 

4.  Transmission  development  testing  of  several  production  pro¬ 
totype  units,  at  a  minimum  of  125%  overtorque  for  50-100 
hours  duration,  should  be  required  prior  to  production  to 
reveai  design  deficiencies  which  would  preclude  attainment 
of  the  objective  extended  Life  TBO. 
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TABLE  XXII.  INPUT  SPIRAL  BEVEL  GEARS, 
TWIN  500  HP,  1200  TBO 


Pi  ni  on 

Gear 

Number  of  Teeth 
Diametral  Pitch 
Face  Width,  inches 
Pressure  Angle,  degrees 
Shaft  Angle,  degrees 
Transverse  Contact  Ratio 
Face  Contact  Ratio 
Modified  Contact  Ratio 
Outer  Cone  Distance,  inches 
Mean  Cone  Distance,  inches 
Circular  Pitch,  inches 
Working  Depth,  inches 
Whole  Depth,  inches 
Clearance,  inches 
Pitch  Diameter,  inches 
Addendum,  inches 
Dedendum,  inches 
Outside  Diameter,  Inches 
Pitch  Apex  to  Crown,  inches 
Circular  Thickness,  inches 
Mean  Normal  Top  Land,  inches 
Outer  Normal  Top  Land,  inches 
Inner  Normal  Top  Land,  Inches 
Pitch  Angle,  degrees 
Face  Angle  of  Blank,  degrees 
Root  Angle,  degrees 
Dedendum  Angle,  degrees 
Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  degrees 
Inner  Spiral  Angle,  degrees 
Hand  of  Spiral 
Driving  Member 
Direction  of  Rotation 
Backlash,  inches 
Tooth  Taper 
Cutting  Method 
Gear  Type 

Face  Width  in  Percent  of 
Cone  Distance 


21 

80 

6.000 

- 

L.200 

L.200 

20.000 

- 

90.000 

- 

- 

L.243 

- 

L.  763 

- 

2.157 

- 

6.893 

- 

6.293 

0.524 

- 

0.284 

- 

0.315 

0.031 

0.031 

0.031 

3.500 

13.333 

0.202 

0.081 

0.113 

0.234 

3.89L 

13.375 

6.6L5 

1.671 

0.303 

0.166 

0.092 

0.084 

0.090 

0.079 

0.095 

0.080 

L4. 708 

75.292 

L6.665 

76.243 

L3. 757 

73.335 

0.951 

1.957 

- 

38.264 

- 

35.000 

- 

31.922 

LH 

RH 

PIN 

- 

CW 

- 

0.005  MIN 

0.007  MAX 

TRLM 

- 

- 

SB 

- 

GENERATED 

_ 

17.410 

L40 


TABLE  XXII  -  Continued 


Pinion 

Gear 

Theoretical  Cutter  Radius, 
inches 

6.001 

Cutter  Radius,  inches 

6.000 

- 

Calc.  Gear  Finish  Pt.  Width, 
inches 

. 

0.L02 

Gear  Finishing  Point  Width, 
inches 

0.100 

Roughing  Point  Width,  inches 

0.040 

0.080 

Outer  Slot  Width,  inches 

0.064 

0.100 

Mean  Slot  Width,  inches 

0.067 

0.100 

Inner  Slot  Width,  inches 

0.064 

0.100 

Finishing  Cutter  Blade  Point, 
inches 

0 . 040 

0.065 

Stock  Allowance,  inches 

0.024 

0.020 

Max.  Radius-Cutter  Blades, 
inches 

0.041 

0.074 

Max.  Radius-Mutilation,  inches 

0.057 

0.076 

Max.  Radius- Interference, 
inches 

0.033 

0.052 

Cutter  Edge  Radius,  Inches 

0.020 

0.020 

Calc.  Cutter  Number 

3 

6 

Max.  No.  Blades  in  Cutter 

22.351 

- 

Cutter  Blades  Required 

STD.  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Dedendum  Angle, 
degrees 

2.908 

- 

Roughing  Radial,  Inches 

5  •  682 

Geometry  Factor-Strength-J 

0.2808 

0.2804 

Strength  Factor-0 

6 . 500 

1.709 

Factor 

0.9047 

- 

Strength  Balance  Desired 

STRS 

Strength  Balance  Obtained 

STRS 

0.001 

Geometry  Factor-Durabi 1 i ty- I 

0.1403 

- 

Durability  Factor-Z 

2786 

1427 

Geometry  Factor-Scoring-G 

0.003255 

- 

Scoring  Factor-X 

0.2586 

- 

Profile  Sliding  Factor 

0.003341 

0.005994 

Root  Line  Face  Width 

1.200 

1.200 

Axial  Factor-Driver  CW 

0.495  our 

0.041  OUT 

Axial  Factor-Driver  CCW 

0.353  IN 

0.100  OUT 

Separating  Factor-Driver  CW 

0.158  SEP 

0.130  SEP 

Separating  Factor-Driver  CCW 

0.380  SEP 

0.093  ATT 

TABLE  XXIII.  TAIL  ROTOR  DRIVE  SPIRAL  BEVEL  GEARS, 
TWIN  500  HP,  1200  TBO 


Pinion 

Gpar 

Number  of  Teeth 

21 

80 

Diametral  Pitch 

6.034 

_ 

Face  Width,  inches 

0.600 

0.600 

Pressure  Angle,  degrees 

20.000 

- 

Shaft  Angle,  degrees 

90.000 

- 

Transverse  Contact  Ratio 

- 

1  .246 

Face  Contact  Ratio 

_ 

0.889 

Modified  Contact  Ratio 

- 

1.531 

Outer  Cone  Distance,  inches 

- 

6.854 

Mean  Cone  Distance,  inches 

- 

6.554 

Circular  Pitch,  inches 

0.521 

- 

Working  Depth,  inches 

0.280 

- 

Whole  Depth,  Inches 

0.312 

0.312 

Clearance,  inches 

0.031 

0.031 

Pitch  Diameter,  Inches 

3.480 

13.258 

Addendum,  Inches 

0.200 

0.080 

Dedendum,  inches 

0.L11 

0.232 

Outside  Diameter,  Inches 

3.868 

13.299 

Pitch  Apex  to  Crown,  Inches 

6.578 

1.663 

Circular  Thickness,  inches 

0.304 

0.185 

Mean  Normal  Top  Land,  Inches 

0.080 

0.094 

Outer  Normal  Top  Land,  Inches 

0.079 

0.091 

Inner  Normal  Top  Land,  Inches 

0.081 

0.091 

Pitch  Angle,  degrees 

14.708 

75.292 

Face  Angle  of  Blank,  degrees 

16.518 

76.096 

Root  Angle,  degrees 

13.904 

73.482 

Dedendum  Angle,  degrees 

0.804 

1.810 

Outer  Spiral  Angle,  degrees 

“ 

38.040 

Mean  Spiral  Angle,  degrees 

- 

36.390 

Inner  Spiral  Angle,  degrees 

- 

34.788 

Hand  of  Spiral 

LH 

RH 

Driving  Member 

GEAR 

- 

Direction  of  Rotation 

CCW 

- 

Backlash,  inches 

0.005  MIN 

0.007  MAX 

Tooth  Taper 

TRLM 

Cutting  Method 

- 

SB 

Gear  Type 

- 

GENERATED 

Face  Width  In  Percent  of 

Cone  Distance 

8.754 
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TABLE  XXIII  -  Continued 


Pinion 

Goar 

Theoretical  Cutter  Radius, 
inches 

6.001 

Cutter  Radius,  inches 

6.000 

- 

Calc.  Gear  Finish  Pt.  Width, 
inches 

_ 

0.085 

Gear  Finishing  Point  Width, 
inches 

_ 

0.090 

Roughing  Point  Width,  inches 

0.050 

0.070 

Outer  Slot  Width,  inches 

0.076 

0.090 

Mean  Slot  Width,  inches 

0.076 

0.090 

Inner  Slot  Width,  inches 

0.076 

0.090 

Finishing  Cutter  Blade  Point, 
inches 

0.040 

0.050 

Stock  Allowance,  inches 

0.02  6 

0.020 

Max.  Radius-Cutter  Blades, 
inches 

0.046 

0.060 

Max.  Radius-Mutilation,  Inches 

0.078 

0.085 

Max.  Radius-Interference, 
inches 

0.031 

0.052 

Cutter  Edge  Radius,  inches 

0.020 

0.020 

Calc.  Cutter  Number 

2 

6 

Max.  No.  Blades  in  Cutter 

38.735 

- 

Cutter  Blades  Required 

STD.  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Dedendum  Angle, 
degrees 

Roughing  Radial,  inches 

2.614 

- 

5.583 

- 

Geometry  Factor-S trength- J 

0.2LL4 

0.2113 

Strength  Factor-Q 

17.445 

4.580 

Factor 

1.3065 

Strength  Balance  Desired 

STRS 

“ 

Strength  Balance  Obtained 

STRS 

- 

Geometn'  Factor-Durabi 1  i ty-I 

0.1313 

- 

Durability  Factor-Z 

4095 

2098 

Geometry  Factor-Scoring-G 

0.003965 

- 

Scoring  Factor-X 

0.4152 

Profile  Sliding  Factor 

0.003471 

0.006276 

Root  Line  Face  Width 

0.600 

0.600 

Axial  Factor-Dr iver  CW 

0.497  OUT 

0.039  OUT 

Axial  Factor- Dr iver  CCW 

0.359  IN 

0.099  OUT 

Separating  Factor-Driver  CW 

0.150  SEP 

0.131  SEP 

Seoaratina  Factor-Driver  CCW 

0.375  SEP 

0.094  ATT 
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TABLE  XXIV.  OIL  PUMP  DRIVE  SPIRAL  BEVEL  GEARS, 
TWIN  500  HP,  1200  TBO 


Pinion 

Gear 

Number  of  Teeth 

21 

80 

Diametral  Pitch 

6.774 

- 

Face  Width,  inches 

0.280 

0.280 

Pressure  Angle,  degrees 

20.000 

- 

Shaft  Angle,  degrees 

90.000 

- 

Transverse  Contact  Ratio 

1.275 

Face  Contact  Ratio 

- 

0.406 

Modified  Contact  Ratio 

- 

1.338 

Outer  Cone  Distance,  inches 

- 

6.105 

Mean  Cone  Distance,  inches 

- 

5.965 

Circular  Pitch,  inches 

0.46  A 

- 

Working  Depth,  inches 

0.252 

- 

Whole  Depth,  inches 

0.280 

0.280 

Clearance,  inches 

0.028 

0.028 

Pitch  Diameter,  inches 

3.100 

11.810 

Adde-dum,  inches 

0.180 

0.072 

Dedendum,  inches 

0.100 

0.207 

Outside  Diameter,  inches 

3.447 

11.847 

Pitch  Apex  to  Crown,  inches 

5.859 

1.480 

Circular  Thickness,  inches 

0.263 

0.181 

Mean  Normal  Top  Land,  inches 

0.068 

0.101 

Outer  Normal  Top  Land,  Inches 

0.067 

0.099 

Inner  Normal  Top  Land,  inches 

0.069 

0.099 

Pitch  Angle,  degrees 

14.708 

75.292 

Face  Angle  of  Blank,  degrees 

16.836 

76.414 

Root  Angle,  degrees 

13.586 

73.164 

Dedendum  Angle,  degrees 

1.122 

2.128 

Outer  Spiral  Angle,  degrees 

- 

34.011 

Mean  Spiral  Angle,  degrees 

- 

33.290 

Inner  Spiral  Angle,  degrees 

32.578 

Hand  of  Spiral 

LH 

RH 

Dri  'ing  Member 

GEAR 

- 

Direction  of  Rotation 

CCW 

- 

Backlash,  inches 

0.005  MIN 

0.007  MAX 

Tooth  Taper 

TRLM 

- 

Cutting  Method 

- 

SB 

Gear  Type 

- 

GENERATED 

Face  Width  in  Percent  of 

Cone  Distance 

4.586 

TABLE  XXIV  -  Continued 


Pinion  Gear 


Theoretical  Cutter  Radius, 
inches 

Cutter  Radius,  inches 
Calc.  Gear  Finish  Pt.  Width, 
inches 

Gear  Finishing  Point  Width, 
inches 

Roughing  Point  Width,  inches 
Outer  Slot  Width,  inches 
Mean  Slot  Width,  inches 
Inner  Slot  Width,  inches 
Finishing  Cutter  Blade  Point, 
inches 

Stock  Allowance,  inches 
Max.  Radius-Cutter  Blades, 
inches 

Max.  Radius-Mutilation,  inches 
Max.  Radius- Interference, 
inches 

Cutter  Edge  Radius,  inches 
Calc.  Cutter  Number 
Max.  No.  Blades  in  Cutter 
Cutter  Blades  Required 
Duplex  Sum  of  Dedendum  Angle, 
degrees 

Roughing  Radial,  inches 
Geometry  Factor-Strength-J 
Strength  Factor-0 
Factor 

Strength  Balance  Desired 
Strength  Balance  Obtained 
Geometry  Factor-Durabi lity-I 
Durability  Factor-Z 
Geometry  Factor-Scoring-G 
Scoring  Factor-X 
Profile  S.liding  Factor 
Root  Line  Face  Width 
Axial  Factor-Driver  CW 
Axial  Factor-Driver  CCW 
Separating  Factor-Driver  CW 
Separating  Factor-Driver  CCW 


6.002 

6.000 


- 

0.082 

0.080 

0.060 

0.060 

0.086 

0.080 

0.086 

0.080 

0.086 

0.080 

0.050 

0.050 

0.026 

0.0  20 

0.060 

0.060 

0.078 

0.068 

0.026 

0.047 

0.015 

0.015 

3 

7 

72.814 

- 

STD.  DEPTH 

SID.  DEPTH 

3.250 

5.683 

- 

0.1825 

0.1819 

53.019 

13.961 

1.4948 

- 

STRS 

- 

SIRS 

0.002 

0.1069 

- 

74  58 

3821 

0.004888 

- 

0.7418 

- 

0.003233 

0.005942 

0.280 

0.280 

0.492  our 

0.044  OUT 

0.346  IN 

0.102  OUT 

0.168  SEP 

0.129  SEP 

0.388  SF? 

0.091  ATT 

TABLE  XXV.  INPUT  SPIRAL  BEVEL  GEARS, 

TWIN  500  HP,  3000  AND  6000  TBO 


Pinion 

Gear 

Number  of  Teeth 
Diametral  Pitch 
Face  Width,  inches 
Pressure  Angle,  degrees 
Shaft  Angle,  degrees 
Transverse  Contact  Ratio 
Face  Contact  Ratio 
Modified  Contact  Ratio 
Outer  Cone  Distance,  inches 
Mean  Cone  Distance,  inches 
Circular  Pitch,  inches 
Working  Depth,  inches 
Whole  Depth,  inches 
Clearance,  inches 
Pitch  Diameter,  inches 
Addendum,  inches 
Dedendum,  inches 
Outside  Diameter,  inches 
Pitch  Apex  to  Crown,  inches 
Circular  Thickness,  inches 
Mean  Normal  Top  Land,  inches 
Outer  Normal  Top  Land,  inches 
Inner  Normal  Top  Land,  inches 
Pitch  Angle,  degrees 
Face  Angle  of  Blank,  degrees 
Root  Angle,  degrees 
Dedendum  Angle,  degrees 
Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  degrees 
Inner  Spiral  Angle,  degrees 
Hand  of  Spiral 
Driving  Member 
Direction  of  Rotation 
Backlash,  inches 
Tooth  Taper 
Cutting  Method 
Gear  Type 

Face  Width  in  Percent  of 
Cone  Distance 


21 

80 

5.500 

- 

1.400 

1.400 

20.000 

- 

90.000 

- 

- 

1.241 

- 

1.899 

- 

2.269 

- 

7.519 

- 

6.819 

0.571 

- 

0.312 

- 

0.346 

0.346 

0.034 

0.034 

3.818 

14.545 

0.222 

0.090 

0.124 

0.256 

4.248 

14.591 

7.216 

1.822 

0.331 

0.178 

0.102 

0.090 

0.099 

0.085 

0.107 

0.085 

14.708 

75.292 

16.761 

76.339 

13.661 

73.238 

1.048 

2.053 

_ 

38.194 

- 

35.000 

- 

32.030 

LH 

RH 

PIN 

- 

CW 

- 

0.005  MIN 

0.007  MAX 

TRLM 

- 

- 

SB 

- 

GENERATED 

_ 

18.61 9 

L46 


TABLE  XXV  -  Continued 

Pinion  Gear 


Theoretical  Cutter  Radius, 
inches 

Cutter  Radius,  inches 
Calc.  Gear  Finish  Pt.  Width, 
inches 

Gear  Finishing  Point  Width, 
inches 

Roughing  Point  Width,  inches 
Outer  Slot  Width,  inches 
Mean  Slot  Width,  inches 
Inner  Slot  Width,  inches 
Finishing  Cutter  Blade  Point, 
inches 

Stock  A 1 lowance,  inches 
Max.  Radius-Cutter  Blades, 
inches 

Max.  Radius-Mutilation,  inches 
Max.  Radius-Interference, 
inches 

Cutter  Edge  Radius,  inches 
Calc.  Cutter  Number 
Max.  No,  Blades  in  Cutter 
Cutter  Blades  Reguired 
Duplex  Sum  of  Dedendum  Angle, 
degrees 

Roughing  Radial,  inches 
Geometry  Factor-S trength-J 
Strength  Factor-0 
Factor 

Strength  Balance  Desired 
Strength  Balance  Obtained 
Geometry  Factor-Durabi  1  i ty- 1 
Durability  Factor-Z 
Geometry  Factor-Scor ing-G 
Scoring  Factor-X 
Profile  Sliding  Factor 
Root  Line  Face  Width 
Axial  Factor-Dr iver  CW 
Axial  Factor-Dr iver  CCW 
Separating  Factor-Driver  CW 
Separating  Factor-Driver  CCW 


6.802 

6.800 


- 

0.111 

_ 

0.110 

0.040 

0.090 

0.067 

0.110 

0.070 

0.110 

0.06  7 

0.110 

0.040 

0.065 

0.027 

0.020 

0.044 

0.074 

0.063 

0.093 

0.037 

0.058 

0.020 

0.020 

3 

7 

21.901 

- 

STD.  DEPTH 

STD.  DEPTH 

3.101 

6.289 

- 

0.2881 

0.2872 

4.664 

0.8262  MN 

1.228 

STRS 

- 

STRS 

0.002 

0.1441 

- 

2332 

1195 

0.003255 

- 

0.2357 

- 

0.003617 

0.006476 

1.400 

1.400 

0.456  OUT 

0.038  OUT 

0.326  IN 

0.092  OUT 

0.146  SEP 

0.120  SEP 

0.031  SEP 

0.086  ATT 
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TABLE  XXVI.  TAIL  ROTOR 
TWIN  500  HP 

DRIVE  SPIRAL  BEVEL 
,  3000  AND  6000  TBO 

GEARS, 

Pinion 

Gear 

Number  of  Teeth 

21 

80 

Diametral  Pitch 

5.530 

- 

Face  Width,  inches 

0.700 

0.700 

Pressure  Angle,  degrees 

20.000 

- 

Shaft  Angle,  degrees 

90.000 

- 

Transverse  Contact  Ratio 

- 

1.253 

Face  Contact  Ratio 

- 

0.918 

Modified  Contact  Ratio 

- 

1.553 

Outer  Cone  Distance,  inches 

- 

7.478 

Mean  Cone  Distance,  inches 

- 

7.128 

Circular  Pitch,  inches 

0.568 

- 

Working  Depth,  inches 

0.307 

- 

Whole  Depth,  inches 

0.341 

0.341 

Clearance,  inches 

0.034 

0.034 

Pitch  Diameter,  inches 

3.797 

14.467 

Addendum,  inches 

0.219 

0.088 

Dedendum,  inches 

0.122 

0.253 

Outside  Diameter,  inches 

4.222 

14.511 

Pitch  Apex  to  Crown,  inches 

7.178 

1.814 

Circular  Thickness,  inches 

0.342 

0.191 

Mean  Normal  Top  Land,  inches 

0.100 

0.096 

Outer  Normal  Top  Land,  inches 

0.099 

0.093 

Inner  Normal  Top  Land,  inches 

0.102 

0.093 

Pitch  Angle,  degrees 

14.708 

75.292 

Face  Angle  of  Blank,  degrees 

16.653 

76.231 

Root  Angle,  degrees 

13.769 

73.347 

Dedendum  Angle,  degrees 

0.939 

1.945 

Outer  Spiral  Angle,  degrees 

- 

37.006 

Mean  Spi ra’  '‘ogle,  degrees 

- 

35.360 

Inner  Spiral  Angle,  degrees 

- 

33.765 

Hand  of  Spira.l( 

Driving  Member’ 

LH 

RH 

GEAR 

- 

Direct ibn  of  Rotation 

CCW 

- 

Backlash,  Inches 

0.005  MIN 

0.007  MAX 

Tooth  Taper 

TRLM 

- 

Cutting  Method 

- 

SB 

Gear  Type 

Face  Width  in  Percent  of 

GENERATED 

Cone  Distance 

9.360 
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TABLE  XXVI  -  Continued 


Gear 

Theoretical  Cutter  Radius, 
inches 

6.801 

Cutter  Radius,  inches 

6.800 

- 

Calc.  Gear  Finish  Pt.  Width, 
inches 

0.110 

Gear  Finishing  Point  Width, 
inches 

. 

0.110 

Roughing  Point  Width,  inches 

0.050 

0.090 

Outer  Slot  Width,  inches 

0.076 

0.110 

Mean  Slot  Width,  inches 

0.076 

0.110 

Inner  Slot  Width,  inches 

0.075 

0.110 

Finishing  Cutter  Blade  Point, 
inches 

0 . 040 

0.065 

Stock  A 1  lowance,  inches 

0.025 

0.020 

Max.  Radius-Cutter  Blades, 
inches 

0.046 

0.074 

Max.  Radius-Mutilation,  inches 

0.077 

0.093 

Max.  Radius- Interference, 
inches 

0.035 

0.059 

Cutter  Edge  Radius,  inches 

0.003 

0.003 

Calc.  Cutter  Number 

3 

6 

Max.  No.  Blades  in  Cutter 

38.642 

- 

Cutter  Blades  Required 

STD.  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Dedendum  Angle, 
degrees 

Roughing  Radial,  inches 

2.884 

6.399 

- 

Geometry  Factor-S trength-J 

0.1951 

0.1583 

Strength  Factor-0 

13.908 

4.486 

Factor 

1.2875 

- 

Strength  Balance  Desired 

GIVN 

- 

Strength  Balance  Obtained 

GIVN 

0.154 

Geometry  Factor-Durabi 1 i ty-I 

0.1306 

- 

Durability  Factor-Z 

3484 

1785 

Geometry  Factor-Scoring-G 

0.000025 

- 

Scoring  Factor-X 

0.3672 

- 

Profile  Sliding  Factor 

0.003800 

0.006890 

Root  Line  Face  Width 

0.700 

0.700 

Axial  Factor-Driver  CW 

0.442  OUT 

0.036  OUT 

Axial  Factor-Driver  CCW 

0.317  IN 

0.089  our 

Separating  Factor-Driver  CW 

0.139  SEP 

0.116  SEP 

Separating  Factor- Dr iver  CCW 

0.338  SEP 

0.083  ATT 
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TABLE  XXVII.  OIL  PUMP 

DRIVE  SPIRAL 

BEVEL  GEARS, 

TWIN  500 

HP,  3000  AND 

6000  T30 

Pinion 

Gear 

Number  of  Teeth 

21 

80 

Diametral  Pitch 

6.360 

- 

Face  Width,  inches 

0.350 

0.350 

Pressure  Angle,  degrees 

20.000 

- 

Shaft  Angle,  degrees 

90.000 

- 

Transverse  Contact  Ratio 

- 

1.283 

Face  Contact  Ratio 

- 

0.456 

Modified  Contact  Ratio 

- 

1.361 

Outer  Cone  Distance,  inches 

- 

6.502 

Mean  Cone  Distance,  inches 

- 

6.327 

Circular  Pitch,  inches 

0.4  94 

- 

Working  Depth,  inches 

0.269 

- 

Whole  Depth,  inches 

0.299 

0.299 

Clearance,  inches 

0.030 

0.030 

Pitch  Diameter,  inches 

3.302 

12.579 

Addendum,  inches 

0.192 

0.078 

Dedendum,  inches 

0.107 

0.221 

Outside  Diameter,  inches 

3.673 

12.618 

Pitch  Apex  to  Crown,  Inches 

6.241 

1.576 

Circular  Thickness,  inches 

0.305 

0.167 

Mean  Normal  Top  Land,  Inches 

0.099 

0.088 

Outer  Normal  Top  Land,  Inches 

0.098 

0.085 

Inner  Normal  Top  Land,  Inches 

0.100 

0.085 

Pitch  Angle,  degrees 

14.708 

75.292 

Face  Angle  of  Blank,  degrees 

16.997 

76.575 

Root  Angle,  degrees 

13.425 

73.002 

Dedendum  Angle,  degrees 

1.284 

2.289 

Outer  Spiral  Angle,  degrees 

- 

32.774 

Mean  Spiral  Angle,  degrees 

- 

32.020 

Inner  Spiral  Angle,  degrees 

31.278 

Hand  of  Spiral 

LH 

RH 

Driving  Member 

GEAR 

- 

Direction  of  Rotation 

ccw 

- 

Backlash,  inches 

0.005  MIN 

0.007  MAX 

Tooth  Taper 

TRLM 

- 

Cutting  Method 

- 

SB 

Gear  Type 

- 

GENERATED 

Face  Width  in  Percent  of 

Cone  Distance 

~ 

5.383 
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TABLE  XXVII  -  Continued 


Pinion  Gear 


Theoretical  Cutter  Radius, 
inches 

Cutter  Radius,  inches 
Calc.  Gear  Finish  Pt.  Width, 
inches 

Gear  Finishing  Point  Width, 
inches 

Roughing  Point  Width,  inches 
Outer  Slot  Width,  inches 
Mean  Slot  Width,  inches 
Inner  Slot  Width,  inches 
Finishing  Cutter  Blade  Point, 
inches 

Stock  Allowance,  inches 
Max.  Radius-Cutter  Blades, 
inches 

Max.  Radius-Mutilation,  inches 
Max.  Radius-Interference, 
Inches 

Cutter  Edge  Radius,  Inches 
Calc.  Cutter  Number 
Max.  No.  Blades  In  Cutter 
Cutter  Blades  Required 
Duplex  Sum  of  Dedendum  Angle, 
degrees 

Roughing  Radial,  Inches 
Geometry  Factor-Strength-J 
Strength  Factor-0 
Factor 

Strength  Balance  Desired 
Strength  Balance  Obtained 
Geometry  Factor-Durabi 1 ity-I 
Durabi 1 ity  Factor-Z 
Geometry  Factor-Scoring-G 
Scoring  Factor-X 
Profile  Sliding  Factor 
Root  Line  Face  Width 
Axial  Factor-Driver  CW 
Axial  Factor-Driver  CCW 
Separating  Factor-Driver  CW 
Separating  Factor- Dr iver  CCW 


6.803 

6.800 


- 

0.1L0 

_ 

0.110 

0.050 

0.090 

0.07L 

0.1 10 

0.072 

0.110 

0.071. 

0.110 

0.040 

0.065 

0. 021 

0.020 

0.046 

0.074 

0.070 

0.093 

0.029 

0.051 

0.003 

0.003 

4 

7 

69.677 

- 

STD.  DEPTH 

STD.  DEPTH 

3.573 

_ 

6.376 

- 

0. 1836 

0.1385 

37.760 

13.135 

1.4694 

- 

GIVN 

- 

GIVN 

0.210 

0.1077 

- 

6239 

3196 

0.000066 

- 

0.6469 

- 

0.003453 

0.006369 

0.350 

0.350 

0.444  OUT 

0,042  OUT 

0.309  IN 

0.094  OUT 

0.160  SEP 

0.177  SEP 

0.357  SEP 

0.081  ATTN 
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TABLE  XXVIII.  INPUT  SPIRAL  BEVEL  GEARS,  TWIN  1500 
HP \  1200,  3000  AND  6000  TBO 


Pinion  Gear 


Number  of  Teeth 
Diametral  Pitch 
Face  Width,  inches 
Pressure  Angle,  degrees 
Shaft  Angle,  degrees 
Transverse  Contact  Ratio 
Face  Contact  Ratio 
Modified  Contact  Ratio 
Outer  Cone  Distance,  inches 
Mean  Cone  Distance,  inches 
Circular  Pitch,  inches 
Working  Depth,  inches 
Whole  Depth,  Inches 
Clearance,  inches 
Pitch  Diameter,  inches 
Addendum,  Inches 
Dedendum,  inches 
Outside  Diameter,  inches 
Pitch  Apex  to  Crown,  Inches 
Circular  Thickness,  inches 
Mean  Normal  Top  Land,  inches 
Outer  Normal  Top  Land,  Inches 
Inner  Normal  Top  Land,  Inches 
Pitch  Angle,  degrees 
Face  Angle  of  Blank,  degrees 
Root  Angle,  degrees 
Dedendum  Angle,  degrees 
Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  degrees 
Inner  Spiral  Angle,  degrees 
Hand  of  Spiral 
Driving  Member 
Direction  of  Rotation 
Backlash,  Inches 
Tooth  Taper 
Cutting  Method 
Gear  Type 

Face  Width  in  Percent  of 
Cone  Distance 


46 

93 

10.000 

- 

1.200 

1.200 

20.000 

- 

85.000 

- 

- 

1.406 

- 

2  .027 

- 

2.467 

- 

5.38  5 

- 

4.  785 

0.314 

- 

0.171 

- 

0.190 

0.190 

0.019 

0.019 

4.600 

9.300 

0.114 

0.057 

0.076 

0.133 

4.806 

9.358 

4.820 

2.666 

0.165 

0.108 

0.072 

0.062 

0.070 

0.056 

0.073 

0.057 

25.285 

59.715 

26.753 

60 .582 

24.418 

58.247 

0.867 

1.468 

- 

31.777 

- 

25.000 

- 

18.164 

LH 

RH 

PIN 

- 

CW 

- 

0.004  MIN 

0.006  MAX 

TRLM 

- 

- 

SB 

- 

GENERATED 

_ 

22  .285 

TABLE  XXVIII  -  Continued 


Gear 

Theoretical  Cutter  Radius, 
Inches 

3.751 

Cutter  Radius,  Inches 

3.  750 

- 

Calc.  Goar  Finish  Pt.  Width, 
Inches 

0.074 

Gear  Finishing  Point  Width, 
Inches 

0.070 

Roughing  Point  Width,  Inches 

0.040 

0.060 

Outer  Slot  Width,  Inches 

0.049 

0.070 

Mean  Slot  Width,  Inches 

0.053 

0.070 

Inner  Slot  Width,  Inches 

0.049 

0.070 

Finishing  Cutter  Blade  Point, 
inches 

0.030 

0.040 

Stock  Allowance,  inches 

0.009 

0.010 

Max.  Radius-Cutter  Blades, 
inches 

0.031 

0.046 

Max.  Radius-Mutilation,  inches 

0.049 

0.068 

Max.  Radius- Interference, 

Inches 

0.018 

0.023 

Cutter  Edge  Radius,  Inches 

0.010 

0.020 

Calc.  Cutter  Number 

2 

3 

Max.  No.  Blades  in  Cutter 

- 

- 

Cutter  Blades  Required 

STQ  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Dedendum  Angle, 
degrees 

2.334 

Roughing  Radial,  Inches 

4.668 

- 

Geometry  Factor-Strength- J 

0.3630 

0.3614 

Strength  Factor-0 

5.613 

2.  788 

Factor 

0.7138  MN 

- 

Strength  Balance  Desired 

STRS 

- 

Strength  Balance  Obtained 

STRS 

0.006 

Geometry  Factor-Durabl llty-I 

0.1112 

- 

Durability  Factor-Z 

2381 

1674 

Geometry  Factor-Scorlng-G 

0.000974 

- 

Scoring  Factor-X 

0.1141 

- 

Profile  Sliding  Factor 

0.002384 

0.002594 

Root  Line  Face  Width 

1.200 

1.200 

Axial  Factor-Orlver  CW 

0.290  OUT 

0.027  our 

Axial  Factor-Driver  CCW 

0.122  IN 

0.141  OUT 

Separating  Factor-Driver  CW 

0.080  SEP 

0.146  SEP 

Separating  Factor- Driver  CCW 

0.275  SEP 

0.048  ATT 

TABLE  XXIX.  TAIL  ROTOR  DRIVE  SPIRAL  BEVEL  GEAR, 

TWIN  1500  HP;  1200,  3000,  AND  6000  TBO 


Pi  nion  Sc*ar 


Number  of  Teeth 
Diametral  Pitch 
Face  Width,  Inches 
Pressure  Angle,  degrees 
Shaft  Angle,  degrees 
Transverse  Contact  Ratio 
Face  Contact  Ratio 
Modified  Contact  Ratio 
Outer  Cone  Distance,  Inches 
Mean  Cone  Distance,  Inches 
Circular  Pitch,  Inches 
Working  Depth,  Inches 
Whole  Depth,  Inches 
Clearance,  Inches 
Pitch  Diameter,  inches 
Addendum,  Inches 
Dedendum,  Inches 
Outside  Diameter,  Inches 
Pitch  Apex  to  Crown,  Inches 
Circular  Thickness,  Inches 
Mean  Normal  Top  Land,  inches 
Outer  Normal  Top  Land,  Inches 
Inner  Normal  Top  Land,  Inches 
Pitch  Angle,  degrees 
Face  Angle  of  Blank,  degrees 
Root  Angle,  degrees 
Dedendum  Angle,  de<jr«MS 
Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  Jegrees 
Inner  Spiral  Angle,  degrees 
Hand  of  Spiral 
Driving  Member 
Direction  of  Rotation 
Backlash,  Inches 
Tooth  Taper 
Cutting  Method 
Gear  Type 

Face  Width  In  Percent  of 
Cone  Distance 


35 

37 

7.000 

- 

1 .200 

1.200 

20.000 

- 

90.000 

- 

- 

1.338 

- 

1.888 

- 

2.  314 

- 

3.638 

- 

3.038 

0.449 

- 

0.258 

- 

0.284 

0.284 

0.02  7 

0.027 

3.000 

5.286 

0.135 

0.123 

0.150 

0.161 

5.L96 

5.455 

2.550 

2.411 

0.182 

0.186 

0.079 

0.091 

0.076 

0.083 

0.083 

0.084 

4  3.409 

46.591 

46.535 

49 .533 

40  .467 

43.46  5 

2.942 

3.126 

- 

35 .088 

- 

30  .000 

- 

25.501 

ri: 

Lll 

PIN 

- 

CCU 

- 

0.004  MIN 

0.006  MAX 

PKLM 

- 

- 

SB 

- 

GENERA  PEI) 

37.986 


TABLE  XXT X  -  Continued 


Pinion  Gear 


Theoretical  Cutter  Radius, 
Inches 

3.3L5 

Cutter  Radius,  Inches 

3.500 

" 

Calc.  Gear  Finish  Pt.  Width, 
Inches 

- 

0.075 

Gear  Finishing  Point  Width, 
Inches 

_ 

0.070 

Roughing  Point  Width,  Inches 

0.060 

0.060 

Outer  Slot  Width,  Inches 

0.075 

0.070 

Mean  Slot  Width,  Inches 

0.078 

0.070 

Inner  Slot  Width,  Inches 

0.07L 

0.070 

Finishing  Cutter  Blade  Point, 
Inches 

0.040 

0.040 

Stock  Allowance,  Inches 

0.0L1 

0.010 

Max.  Radius-Cutter  Blades, 
Inches 

0.046 

0.046 

Max.  Radius-Mutilation,  Inches 

0.069 

0.068 

Max.  Radius- Interference, 

Inches 

0.033 

0.034 

Cutter  Edge  Radius,  Inches 

0.0L5 

0.015 

Calc.  Cutter  Number 

8 

9 

Max.  No.  Blades  In  Cutter 

- 

- 

Cutter  Blades  Required 

STD.  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Dedendum  Angle, 
degrees 

6.34C 

Roughing  Radial,  Inches 

3.293 

- 

Geometry  Factor-Strength-J 

0.2611 

0.2602 

Strength  Factor-0 

5.494 

5.215 

Factor 

0.7972  MN 

- 

Strength  Balance  Desired 

srus 

- 

Strength  Balance  Obtained 

STRS 

0.063 

Geometry  Far. tor-Durab!  1 1  ty- 1 

0.0762 

- 

DurabI 1 1 ty  Factor-Z 

2645 

257  * 

Geometry  Factor-Scorlng-G 

0 . 000*7  7  7 

- 

Scoring  Factor-X 

0.0900 

- 

Profile  Sliding  Factor 

0.002899 

0.0028U 

Root  Line  Face  Width 

1.200 

1.200 

Axial  Factor-Dr Iver  Cw 

0.063  IN 

0.318  OUT 

Axial  Factor-Dr Iver  CCW 

0.339  oirr 

0.041  IN 

Separating  Fac tor-Dr Iver  CW 

0.336  SUP 

0.059  ATT 

Separating  Fac  tor-Dr Ivor  CCW 

0.044  ATT 

0.321  SEP 

TABLE  XXX.  ENGINE  GEARBOX  SPIRAL  BEVEL  GEARS, 

TWIN  4800  HP;  1200,  3000,  AND  6000  TBO 

Pin) on 

Gear 

Number  of  Teeth 

67 

99 

Diametral  Pitch 

7.7  50 

- 

Face  Width,  inches 

2.  500 

2.  500 

Pressure  Angle,  degrees 

22.500 

- 

Shaft  Angle,  degrees 

60  .  000 

- 

Transverse  Contact  Ratio 

- 

1.358 

Face  Contact  Ratio 

- 

2.576 

Modified  Contact  Ratio 

- 

2.912 

Outer  Cone  Distance,  Inches 

- 

10.776 

Mean  Cone  Distance,  inches 

- 

9.52b 

Circular  Pitch,  Inches 

0.405 

- 

Working  Depth,  Inches 

Whole  Depth,  Inches 

0.2L6 

- 

0.240 

0.240 

Clearance,  Inches 

0.024 

0.024 

Pitch  Diameter,  inches 

8.64  5 

12.  774 

Addendum,  inches 

0.L2S 

0.088 

Dedendum  inches 

0.122 

0.153 

Outside  Diameter,  inches 

8.880 

12.915 

Pitch  Apex  to  Crown,  inches 

9.819 

8.627 

Circular  Thickness,  Inches 

0.192 

0.153 

Mean  Normal  Top  Land,  inches 

0.084 

0.080 

Outer  Normal  Top  Land,  Inches 

0.083 

0.066 

Inner  Normal  Top  Land,  Inches 

0.085 

0.06''. 

Pitch  Angle,  degrees 

Face  Angle  of  Blank,  degrees 

23.649 

36.35L 

24.390 

36.875 

Root  Angle,  degrees 

23.125 

35.610 

Dedendum  Angle,  degrees 

0.524 

0.741 

Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  degrees 

- 

29.907 

“ 

20.000 

Inner  Spiral  Angle,  degrees 

- 

9.765 

Hand  of  Spiral 

Ui 

Ril 

Driving  Member 

PIN 

- 

Direction  of  Rotation 

CV 

- 

Backlash,  inches 

0.0U7  MIN 

0.012  MAX 

Tooth  Taper 

TRLM 

Cutting  Method 

- 

SB 

Gear  Type 

- 

GENE  RATE  I) 

Face  Width  in  Percent  of 

Cone  Distance 

“ 

23.200 

TABLE  XXX  -  Continued 


Pimon 

Gear 

Theoretical  Cutter  Radius, 
Inches 

6.000 

Cutter  Radius,  inches 

6.000 

- 

Calc.  Gear  Finish  Pt.  Width, 
Inches 

_ 

0.085 

Gear  Finishing  Point  Width, 
Inches 

_ 

0.080 

Roughing  Point  Width,  Inches 

0.035 

0.060 

Outer  Slot  Width,  Inches 

0.060 

0.080 

Mean  Slot  Width,  Inches 

0.068 

0.080 

Inner  Slot  Width,  inches 

0.060 

0.080 

Finishing  Cutter  Blade  Point, 
Inches 

0.035 

0.05  0 

Stock  Allowance,  Inches 

0.025 

0.020 

Max.  Radius-Cutter  Blades, 
Inches 

0.037 

0.063 

Max.  Radlus-Mut 1  latlon.  Inches 

0.063 

0.072 

Max.  Radius- Interference, 

Inches 

0.020 

0.023 

Cutter  Edge  Radius,  Inches 

0.010 

0.020 

file.  Cutter  Number 

l 

1 

Max.  No.  Blades  In  Cutter 

- 

- 

Cutter  Blades  Required 

STD.  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Oedendum  Angle, 
degrees 

1.265 

Roughing  Radial,  Inches 

9.362 

- 

Geometry  Factor-Strength-J 

0.4079 

0.4329 

Strength  Factor-0 

1.054 

0.672 

Factor 

0.5657  MN 

- 

Strength  Balance  Desired 

STRS 

- 

Strength  Balance  Obtained 

PW 

0.152 

Geometry  Fac tor-Ourabl 1 1  ty- 1 

0.0880 

- 

Durabl 1 1 ty  F actor-Z 

986 

812 

Geometry  Fac tor-Scor Ing-G 

0.000485 

- 

Scoring  Factor-X 

0.0418 

- 

Profile  Sliding  Factor 

0.003334 

0.00  3462 

Root  Line  Face  width 

2.  500 

2.  500 

Axial  Factor-Dr Iver  Cw 

0.134  OUT 

0.006  IN 

Axial  Factor-Dr Iver  CCW 

0.041  IN 

0.098  OUT 

Separating  Factor-Driver  CW 

0.067  SEP 

0.101  SEP 

Separating  Factor-Dr Iver  CCW 

0.144  SEP 

0.025  SEP 

TABLE  XXXI.  INPUT  SPIRAL  BEVEL  GEARS,  4800 
HP;  1200,  3000,  AND  (■ 000  TBO 


Pinion 

Gear 

Number  of  Teeth 

86 

231 

Diametral  Pitch 

7 . 750 

_ 

Face  Width,  Inches 

2.  750 

2.750 

Pressure  Angle,  degrees 

22.500 

- 

Shaft  Angle,  degrees 

85.000 

- 

Transverse  Contact  Ratio 

- 

1.999 

Face  Contact  Ratio 

- 

2.441 

Modified  Contact  Ratio 

- 

16.412 

Outer  Cone  Distance,  inches 

- 

15.037 

■n  Cone  Distance,  Inches 

- 

15.037 

fcular  Pitch,  inches 

0.405 

.. 

Working  Depth,  inches 

0.221 

- 

Whole  Depth,  Inches 

0.245 

0.245 

Clearance,  Inches 

0 .  u'.'k 

0.024 

Pitch  Diameter,  Inches 

11.04V 

29.806 

Addendum,  Inches 

O.L52 

0.069 

Dedendum,  inches 

0.093 

0.177 

Outside  Diameter,  inches 

11 .384 

29.864 

Pitch  Apex  to  Crown,  inches 

15.394 

6.811 

Circular  Thickness,  inches 

0.229 

0.130 

Mean  Normal  Top  Land,  inches 

0.L03 

0.075 

Outer  Normal  Top  Land,  inches 

0.102 

0.066 

Inner  Normal  Top  Land,  inches 

0. 104 

0.067 

Pitch  Angle,  degrees 

Face  Angle  of  Blank,  degrees 

19.759 

65.241 

20 .408 

65.59  6 

Root  Angie,  degrees 

19. 4l*4 

64 .59  2 

Dedendum  Angle,  degrees 

0.355 

0.648 

Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  degrees 

- 

22.551 

- 

15.000 

Inner  Spiral  Angle,  degrees 

7.146 

Hand  of  Spiral 

Ul 

Rll 

Driving  Member 

PIN 

- 

Direction  of  Rotation 

(.Tw/ 

- 

Backlash,  inches 

0.007  MIN 

0.012  MAX 

Tooth  Taper 

mm 

Cutting  Method 

- 

Vj 

Gear  Type 

Face  width  in  Percent  of 

CENEKATKI) 

Cone  Distance 


16.756 


TABLE  XXXI  -  Continued 


Pinion 

Gear 

Theoretical  Cutter  Radius, 
Inches 

9.000 

Cutter  Radius,  Inches 

9.000 

_ 

Calc.  Gear  Finish  Pt.  Width, 
Inches 

0.104 

Gear  Finishing  Point  Width, 
Inches 

0.100 

Roughing  Point  Width,  Inches 

0.050 

0.090 

Outer  Slot  Width,  inches 

0.059 

0.100 

Mean  Slot  Width,  Inches 

0.063 

0.100 

Inner  Slot  Width,  inches 

0.058 

0.100 

Finishing  Cutter  Blade  Point, 
inches 

0.040 

0.065 

Stock  Allowance,  Inches 

0.008 

0.010 

Max.  Radius-Cutter  Blades, 
Inches 

0.039 

0.070 

Max.  Radius-Mutilation,  Inches 

0.050 

0.081 

Max.  Radius- Interference, 

Inches 

0.0L8 

0.023 

Cutter  Edge  Radius,  Inches 

0.010 

0.010 

Calc.  Cutter  Number 

0 

l 

Max.  No.  Blades  In  Cutter 

19.259 

- 

Cutter  Blades  Required 

STD.  IKIYii 

SID.  DEPTH 

Duplex  Sum  of  Dedendum  Angle, 
degrees 

Roughing  Radial,  Inches 

L  .009 

_ i 

15.397 

- 

Geometry  Factor-S trength- J 

0.4311 

0.4398 

Strength  Factor-0 

0.706 

0.258 

Factor 

0.7263  MN 

- 

Strength  Balance  Desired 

SIRS 

- 

Strength  Balance  Obtained 

TP  LI) 

0 . 02  0 

Geometry  Factor-Durabl  1 1  ty* I 

0.1195 

- 

Durabl 1 1 ty  Factor-Z 

629 

384 

Geometry  Factor-Scor lng-G 

0.000377 

- 

Scoring  Factor-X 

0.0335 

- 

Profile  Sliding  Factor 

0.0031  78 

0.003893 

Root  Line  Face  Width 

2.  7  50 

2.  750 

Axial  Factor-Dr Iver  Cw 

0.078  OUT 

0.020  OUT 

Axial  Factor-Orlver  CCW 

0.021  IN 

0.037  0U1 

Separating  Factor-Dr  Iver  CW 

0.062  SO’ 

0.031  SEP 

Separating  Factor-Driver  CCW 

o.o97  sty 

o.oo5  arr 

TABLE  XXXII.  TAIL  ROTOR  DRIVE  SPIRAL  BEVEL  GEARS , 
4800  IIP;  1200,  3000,  AND  6000  TBO 


Pinion _ Goal 


Number  of  Teeth 
Diametral  Pitch 
Face  Width,  Inches 
Pressure  Angle,  degrees 
Shaft  Angle,  degrees 
Transverse  Contact  Ratio 
Face  Contact  Ratio 
Modified  Contact  Ratio 
Outer  Cone  Distance,  Inches 
Mean  Cone  Distance,  Inches 
Circular  Pitch,  Inches 
Working  Oepth,  Inches 
Whole  Depth,  Inches 
Clearance,  Inches 
Pitch  Diameter,  Inches 
Addendum,  Inches 
Dedendum,  Inches 
Outside  Diameter,  Inches 
Pitch  Apex  to  Crown,  Inches 
C Ircular  Thickness,  Inches 
Mean  Normal  Top  land.  Inches 
Outer  Normal  Top  Land,  Inches 
Inner  Normal  Top  Land,  Inches 
Pitch  Angle,  decrees 
Face  Angle  of  Blank,  degrees 
Root  Angle,  degrees 
Dedendum  Angle,  degrees 
Outer  Spiral  Angle,  degrees 
Mean  Spiral  Angle,  degrees 
Inner  Spiral  Angle,  degrees 
Hand  of  Spiral 
Driving  Mentoer 
Direction  of  Rotation 
Backlash,  Inches 
Tooth  Taper 
Cutting  Method 
Gear  Type 

Face  width  In  Percent  of 
Cone  Distance 


L06 

23L 

8.856 

- 

0.700 

0.700 

22.500 

- 

90.000 

- 

- 

1.702 

- 

0.327 

- 

1.733 

- 

14.350 

- 

14.000 

0.355 

- 

0.226 

- 

0.249 

0.249 

0.023 

0.023 

LI  .969 

26.084 

O.L54 

0.072 

0.095 

0.0177 

L2.249 

26.144 

12.978 

5.919 

0.233 

0.100 

0.L01 

0.041 

0.L0L 

0.036 

0.10L 

0.034 

24.649 

65.351 

25.356 

65.731 

24.269 

64  .  643 

0.380 

0.707 

- 

ll .200 

- 

9.190 

- 

7.147 

Ui 

Rif 

GEAR 

- 

CCW 

- 

0.007  HI N 

0.012  MIN 

. 

SB 

- 

GENERATED 

4.878 


TABLE  XXXII 

-  Continued 

Pinion 

Gear 

Theoretical  Cutter  Radius, 

I nches 

9.000 

Cutter  Radius,  Inches 

9.000 

- 

Calc,  Gear  Finish  Pt.  Width, 
Inches 

0.100 

Gear  Finishing  Point  Width, 
Inches 

0.L00 

Roughing  Point  Width,  inches 

0.025 

0.090 

Outer  Slot  Width,  Inches 

0.030 

0.100 

Mean  Slot  Width,  inches 

0.029 

0.100 

Inner  Slot  Width,  Inches 

0.028 

0.100 

Finishing  Cutter  Blade  Point, 
Inches 

0.020 

0.065 

Stock  Al  lowance.  Inches 

0.003 

0.010 

Max.  Radius-Cutter  Blades, 
Inches 

0.012 

0.070 

Max.  Radlus-MutI latlon,  (nches 

0.029 

0.081 

Max.  Radi  us- Interference, 

Inches 

0.0L5 

0.021 

Cutter  Edge  Radius,  Inches 

0.010 

0.010 

Calc.  Cutter  Number 

0 

0 

Max.  No.  Rlades  In  Cutter 

7k. 577 

- 

Cutter  Blades  Required 

STD.  DEPTH 

STD.  DEPTH 

Duplex  Sum  of  Oedendum  Angle, 
degrees 

Roughing  Radial,  Inches 

15.386 

- 

Geometry  Factor-Strength-J 

0.4857 

0.3000 

Strength  Factor-0 

2.523 

1.875 

Factor 

1.1540 

- 

Strength  Balance  Desired 

Cl  VN 

- 

Strength  Balance  Obtained 

Cl  VN 

0.619 

Geometry  Factor-Durabl 1 1 ty-  1 

0.1340 

- 

Durabl 1 1 ty  Factor-Z 

1091 

739 

Geometry  Factor-Scor Ing-G 

0.00034 

- 

Scoring  Factor-X 

0.0599 

- 

Profile  Sliding  Factor 

0.003499 

0.003738 

Root  line  Face  w'.dth 

0.  700 

0.700 

Axial  Factor-Or iver  CW 

0.055  OUT 

0.025  out 

Axial  Factor-Orlver  CCW 

o.oo5  oirr 

0.035  OIT 

Separating  Factor-Or  Iver  Cw 

0.054  SEP 

0.025  SEP 

Separating  Factor-Dr  Iver  CCW 

0.077  SEP 

0.002  SEP 
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APPENDIX  II 
FUNCTIONAL  GEAR  DATA 

The  functional  spur  gear  data  shown  in  Tables  II,  IV,  VII, 
IX,  XII,  and  XIV  are  shown  in  graphic  form  in  Figures  18 
through  57.  Each  spur  gear  was  analyzed  at  100%  transmitted 
load,  and  the  resulting  operational  characteristics  are  shown 
graphically  as  a  function  of  driving  gear  angle  of  roll  from 
first  point  of  contact  to  last  point  of  contact.  Effects  of 
gear  profile  modification  and  predicted  gear  tooth  deflec¬ 
tions  are  represented  in  the  charts. 
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Figure  22.  Flash  Temperature  Rise  and  Load  Diagram 
Twin  500  :{P,  1200-Hour  TBO,  Ring-Planet 
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figure  Jl.  Hero  Sir***  and  P-V  Product  Diagram, 
Twin  1*00  HP,  1200-Hour  TBO,  Lower 
Ring-Planet  Mesh. 
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figure  32.  Sliding  Velocity  and  Power  Loss  Diagram 
Twin  1500  HP,  1200-Hour  TBO,  Lower  Ring 
Planet  Mesh. 
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Figure  33.  Shear  Stress  Diagram,  Twin  1500  HP, 

1200-Hour  TBO,  Lower  Ring-Plnnet  Mesh. 


Figure  34.  Flash  Temperature  Rise  and  Load  Diag 
Twin  1500  HP,  1200-Hour  TBO,  Upper  S' 
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Figure  36.  Sliding  Velocity  and  Power  Loss  Diagrai 
Twin  1500  HP,  1200-Hour  TBO,  Upper  Sun 
Planet  Mesh. 
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Figure  37. 


Shear  Strega  Diagram, 
1200-Hour  TBO,  Upper 


Twin  1500  HP, 
Sun -Planet  Meah. 
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Plgure  45.  S' ear  St  ress  Diagram,  Twin  4800  IIP, 

i’OO-Hour  TBO,  Lower  Sun-Planet  Mesh. 
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Figure  46.  Flash  Temperature  Rise  and  Load  Diagram, 
Twin  4800  HP,  1200-Hour  TBO,  Lower  Planet 


Figure  *47.  Hertz  Stress  and  P-V  Product  Diagram, 
Twin  4800  HP,  1200-Hour  TBO,  Lower 
Planet-Ring  Mesh. 


Figure  48.  Sliding  Velocity  and  Power  Loss  Diagram, 
Twin  4800  HP,  1200-Hour  TBO,  Lower  Planet 
Ring  Mesh. 


Figure  49-  Shear  Stress  Diagram,  Twin  4800  HP, 

1200-Hour  TBO,  Lower  Planet-Ring  Mesh. 
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Figure  50.  Flash  Temperature  Rise  and  Load  Diagram 
Twin  4800  HP,  1200-Hour  TBO,  Upper  Sun- 
Planet  Mesh. 
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Figure  51.  ilert*  Stre«n  and  P-V  Product  Ulagro*. 

Twin  4800  IIP,  1200-Hour  T1»0.  Upper 
Sun-Planet  Mesh. 
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